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PREFACE 


The following pages are presented with the purpose of affording 
students a comprehensive view of modem mmeralogy rather a 
detailed knowledge of many mmerals The mmerals selected for 
description are not necessarily those that are most common nor those 
that occur in greatest quantity The list includes those that are of 
scientific interest or of economic importance, and, m addition, those 
that illustrate some principle employed in the classification of mmerals. 
The volume is not a reference book. It is offered solely as a tesctbook 
It does not pretend to furnish a complete discussion of the mineral 
kingdom, nor a means of determining the nature of any mmeral that 
may be met with The chapters devoted to the processes of deter- 
mmative mmeralogy are brief, and the familiar “ key to the determina- 
tion of species ” is omitted In place of the latter is a simple guide 
to the descriptions of minerals to be foimd in the body of the text. 
For more complete determinative tables the reader is referred to one 
of the many good books that are devoted entirely to this phase of the 
subject. In the descriptions of the characteristic crystals of minerals 
both the Naumann and the Miller systems of notation are employed, 
the former because of its almost general use m the more important refer- 
ence books and the latter because of its almost universal use in modem 
crystallographic investigations The student must be familiar with 
both notations It is thought that this familiarity can be best acquired 
by employmg the two notations side by side 

In preparing the descriptive matter the author has made extensive 
use of Hintze’s Handhuch der Mtneralogie. The figures illustrating 
crystal forms are taken from many sources. A few illustrations have 

vu 
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been made especially for this volume. Figures copied to illustrate 
speaal features are accredited to their authors. The statistics are 
mainly from the Mineral Resources of the United States They are 
given for the year 1912 because this was a more nearly normal year in 
trade than any that has followed 

The author is under obhgation to the McGraw-Hill Book Company 
for permission to reproduce a number of illustrations originally published 
m his Elements of Crystallography^ and also for the use of the original 
engravings m makmg the plates for Figures ii, 33, 71, 90, no, 114, 115, 
ii8, 160, 191, 194, 224, 240, and 248. 


W. S. Bayley. 
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PART I 

GENERAL CHEMICAL MINERALOGY 


CHAPTER I 

THE COMPOSITION AND CLASSIFICATION OF MINERALS 

Definition of Mineral. — mineral is a definite inorgamc, chem- 
ical compound that occurs as a part of the earth’s crust. It possesses 
characters which are functions of its composition and its structure. 
Most mmerals are crystallized, but a few have been found only in an 
amorphous, colloidal condition. These are regarded as gels, or solid 
colloids. 

The most essential feature of a mineral is its chemical composition, 
since upon this are believed to be dependent all its other properties. 

Chemical Substances Occurring as Minerals.— The chemical 
substances found native as minerals may be classed as elements and 
compoimds The latter comprise chlorides, fluorides, sulphides, oxides, 
hydroxides, the salts of carbomc, sulphuric, phosphorus, arsenic, anti- 
mony and silicic acids, a large series of complicated compounds known 
as the sulpho-salts, a few denvatives of certain metallic acids — ^the 
aluminates and the ferrites— besides other salts of rarer occurrence, 
some simple and others exceedmgly complicated, and possibly many 
solid solutions of gels or of a gel and a crystalloid. In some of these 
classes all the compoimds are anhydrous. In others, some groups are 
anhydrous while the members of other groups contain one or more 
molecules of water of crystallization. 

The sulphides, chlondes and fluorides are derivatives of H2S, HCl, 
and II2F2, respectively. They may be regarded as havmg been pro- 
duced from these compounds by the rqilacement of the hydrogen by 
metals. Illustrations: CU2S, CuS, NaCI, CaF2. 
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The hydroxides and the oxides may be looked upon as derivatives of 
water, the hydroxides through the replacement of one atom of hydrogen 
by a metal, and the oxides through the replacement of both hydrogen 


yOH 

atoms The mineral, hruciie^ according to this view is Mg<^ , 
H(OH) 


derived from 


H(OH) 


OH 

by replacement of two hydrogen atoms m two 

Cu\ 


molecules of water by one atom of Mg Cuprite is yO, and tenonte 

Cv/ 


CuO, the former derived by replacement of each atom of hydrogen m 
one molecule of water by an atom of Cu, and the latter by replacement 
of the two hydrogens by a single Cu 

The salts of carbonic acid (H2CO3) are the carbonates, those of sul- 
phuric acid (H2SO4) the sulphates, those of orthophosphoric acid 
(H3PO4) the phosphates, those of orthoarsenic acid (H3ASO4) the arsen- 
ates, those of orthoantimonic acid (H3Sb04) the antimonates and those 
of the silicic acids, the silicates There are, in addition, a few arsenites 
and antimonites that are salts of arsenious (H3ASO3) and antimonous 
(HaSbOa) acids 

The principal silicic acids whose salts occur as minerals arc normal 
silicic acid (H4S1O4), metasilicic acid (H2SiOa), and trisilicic acid 
(H4S13O8) The metasilicic and the trisilicic acids may be regarded 
as normal siliac acid from which water has been abstracted, m the same 
way that pyrosulphuric acid is ordinary sulphuric acid less H2O, thus: 
2H2S04-"H20«H2S207 


(H0)4 Si~H 20=H2 Si 03, metasilicic acid 
3(HO)4Si— 4H20=H4Si308, trisihcic acid. 


Fayalite is Fe2Si04, woUastomte, CaSiOs, and orthoclasej ICAlSiaOs- 
The aluminates and ferrites may be regarded as salts of the hypothet- 
ical acids AIO(OH) and FeO(OH), both of which exist as minerals, 
the first under the name dtaspore and the second under the name 


yO—MO 

goethte» Spinel is the magnesium aluminate, Mgc; ,(MgAl204), 

\0— AlO 


and magnofernte the corresponding ferrate MgFe204. The very com- 

/O— FeO 

mon mineral magnetite is the iron ferrate Fec^ , or Fe304. In 

X>-FeO 


this compound the iron is partly m the ferrous and partly in the ferric 
state. 
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There are other minerals that difier from those of the classes above 
mentioned in containing more or less water of crystallization These 
are usually separated from those in which there is no water of crystal- 
lization under the name of hydrous salts 

Besides the classes of minerals considered there are others which 
appear to be double salts, in which two substances that may exist 
independently occur combined to form a third substance with prop- 
erties different from those of its components Cryolite^ sNaF-AlFa 
or NasAlFe, is an example The sulpho-salts furnish many other 
examples 

Further, a large number of noonerals are apparently isomorphous 
mixtures of several compounds These are homogeneous mixtures 
of two or more substances that crystallize with the same sym- 
metry, and, consequently, that may crystallize together Their 
physical properties are continuous functions of their chemical com- 
positions. Other mmerals are apparently solid solutions m one an- 
other of simple crystallizable salts, of gels, of gels and salts, and of 
gels and adsorbed substances Among these are some of the commoner 
silicates. 

Determination of Mineral Composition. — Smce the properties 
of minerals are functions of their chemical compositions, it is important 
that their compositions be known as accurately as possible. It is 
necessary in the first place that pure material may be secured for study 
Pure material is most easily secured by makmg use of the differences 
in density exhibited by different compounds The mmeral to be studied 
is pounded to a powder, sifted through a bolting doth sieve and shaken 
up with one of the heavy solutions employed m determinmg specific 
gravities. When the solution is brought to the same density as that 
of the mineral under mvestigation all material of a higher specific gravity 
will sink. The material with a density lower than that of the solu- 
tion will rise to the surface Material with a specific gravity identical 
with that of the solution will be suspended m it If the mixing is done 
in a separating funnel of the proper type, the materials may be drawn 
off into beakers m the order of their densities, and thus the pure mmeral 
may be separated from the impurities that were onginally incorporated 
with it. After the punty of the substance is assured by examination 
under the microscope, it is ready for analysis 

The composition of the purified material is determined by the 
ordinary methods of chemistry known as analysis and s)mthesis. 

In analysis the compound is broken into its constituent parts and 
these axe weired, or it is decomposed and its constituents are trans- 
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formed into known compounds which are weighed From the weights 
thus obtained the proportions of the components in the original sub- 
stance may be easily calculated if the weight of the original substance 
be known 

In s3mthesis the compound is built up from known elements or 
compounds 

If the mineral calcite (CaCOs) is decomposed by heat into lime 
(CaO) and carbonic acid gas (CO2), or if its components are trans- 
formed into the known compounds CaS04 and K2COJ, the process is 
analysis If the known substance CO2 is allowed to act upon the 
known substance CaO and the resulting product is a substance possess- 
ing all the properties of calcite, the process is synthesis. 

Anal3rtical Methods. — ^The analytical methods made use of in 
mineralogy are (i) the ordinary wet methods of chemical analysis, 
(2) the dry methods of blowpipe analysis, in which the mineral is 
treated before the blowpipe without the use of liquid reagents except 
to a very subordinate degree, and (3) microchemical methods, per- 
formed on the stage of a compound microscope. 

Blowpipe and microchemical analyses are made use of principally 
for the identification of mmerals By their aid the nature of the atoms 
in a compound may easily be learned, but the proportions in which 
these atoms are combined is determined only with the greatest difficulty. 
The methods are mainly qualitative 

Wet Analysis. — For exact determinations of composition the wet 
methods of chemistry are usually employed, since these are the most 
accurate ones They are identical with the methods described in 
manuals of quantitative analysis, and therefore require no detailed 
discussion here They are well illustrated by Prof Tschermak as 
follows. If 734 mg. of the mineral goeth%te (in which qualitative tests 
show the presence of iron oxide and water) are roasted in a glass tube, 
water is given off This when caught and condensed in a second tube 
containing dry calcium chloride mcreases the weight of this second 
tube by 75 mg The residue of the mineral left in the first tube now 
weighs about 660 mg An examination of this residue shows it to con- 
sist exclusively of the iron oxide (Fe203) Since only iron oxide and 
water are present in goethite the sum of these two constituents ought to 
equal the original weight of the mineral before roasting But 660+75^ 
~ 73 S> whereas the origmal weight was 734 The difference i mg. is’ 
due to unavoidable errors of manipulation. As it is very small it may' 
be neglected m our calculations 

The results of the analysis are generally expressed in percentages, ^ 
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which are obtained by dividing the weights of the different constituents 
by the weight of the original substance 

Thus : 660 — 734 = 89 92 per cent Fe203 

75“ 734= 10 22 per cent H2O 


Total 100 14 

The usual methods of analysis are, however, more mdirect than this, 
the components of the substance to be analyzed bemg first transformed 
into known compounds and then weighed For mstance, common salt 
IS known by qualitative tests to contam only Na and CL If 345 mg. 
of the pure salt be dissolved m water and the solution be treated with 
silver nitrate under proper conditions a precipitate of silver chloride 
is formed so long as any sodium chloride remams m the solution. The 
silver chloride is separated from the solution by filtration It contains 
aU the chlonde present in the 345 mg of salt After drying, its weight 
IS determmed to be 840 mg The solution from which the silver chloride 
was separated contains all the sodium that was onginally present in 
the salt, but now it is in combmation with nitric aad It contains 
also any excess of silver nitrate that was added to precipitate the chlorine 

NaCl + AgNOs = AgCl + NaNOs 

salt reagent precipitate filtrate 

The filtrate is now treated with hydrochloric acid to precipitate 
the excess silver The silver chlonde precipitate is removed by filtra- 
tion, leavmg a solution containing sodium salts of nitric and hydro- 
chloric acids besides some free aad of each kmd. Sulphunc acid is 
now added and the whole solution is evaporated to dryness. The free 
aads are dnven off by the heat and the sodium salts are transformed 
mto the sulphate, Na2S04 The residue consistmg exclusively of Na2S04 
IS now found to weigh 419 mg. 

The 345 mg of salt have yielded 840 mg. of AgCI and 419 mg. of 
Na2S04 The silver chlonde is known to contain 24 74 per cent of 
chlorme and the sodium sulphate 32 39 per cent of sodium. The 840 
mg of AgCl contain 207.8 mg of chlorine, and the 419 mg of Na2S04 
contam 135 7 mg. of sodium. Hence 345 mg of salt yield 

207.8 mg. or 60.23 per cent Cl, 
and 13s 7 mg. or 3934 per cent Na 


343.5 mg. 


99.57 per cent 
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Records of Analyses.— The composition of minerals like that of 
other chemical compounds is determined in percentages of their com- 
ponents and is recorded as parts per loo by weight. A weighed quantity 
of themmeral is analyzed, the products of the analysis are weighed and the 
percentage of each constituent present is found by dividing its weight 
by the weight of the original substance, as has already been indicated 
In chemical treatises the results of the analyses are usually recorded 
in percentages of the elements present. In mineralogical works it is 
more common to write the percentage composition in terms of the 
oxides of the elements, partly because the old analyses are recorded in 
this way and partly because certain relations between the mineral 
components can be better exhibited by comparison of the oxides than 
by comparison of the elements present m them. 

The record of the analysis of a magnesite may be given as. 


Mg=28 35 per cent, 
Fe= 34 per cent, 
C=i4 25 per cent, 
0=s6 98 per cent, 

Total =99,92 per cent 


or as 


MgO=47 25 per cent, 
FeO= 43 per cent, 
002=52 24 per cent. 

Total =99 92 per cent. 


Calculation of Formulas.— After the determination of the per- 
centage composition of a mineral, the next step is to represent this 
composition by a chemical formula — ^a symbol which indicates the 
relative number of elementary atoms in the mmeraFs molecule, instead 
of the number of parts of its constituents in 100 parts of its sub- 
stance. 

The construction of a formula from the analytical results is simple 
enough in principle, but in practice it is often made difficult by the 
fact that many apparently pure substances are m reality composed of 
several distinct compounds so mtimately intercrystallized that it is 
impossible to separate them In the simplest cases the formula is 
derived directly from the results of the analyses by a mere process of 
division. 

The atomic weights of the chemical elements are the relative weights 
of the smallest quantities that may enter mto chemical combination with 
one another, measured in terms of the atomic weight of hydrogen which 
is taken as unity, or of oxygen taken as 16. Thus the atomic weights 
of nitrogen and oxygen are approximately 14 and 16 respectively, i.e., 
the smallest quantities of nitrogen and oxygen that can enter into com- 
bination with each other and with hydrogen are m the ratio of the 
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TABLE OF ATOMIC WEIGHTS 


Element 

Symbol 

At Weight 

Element 

Symbol 

At. Weight 

Aluminium 

A 1 

27 I 

Molybdenum 

Mo 

96 0 

Antimony 

Sb 

120 2 

Neodymium 

Nd 

144 3 

Argon 

A 

39 88 

Neon 

Ne 

20 2 

Arsenic 

As 

74 96 

Nickel 

Ni 

58 68 

Barium 

Ba 

m 37 

Niton 

Nt 

222 4 

Bismuth 

Bi 

208 0 

Nitrogen 

N 

14 01 

Boron 

B 

II 0 

Osmium 

Os 

190 9 

Bromine. 

Br 

79 92 

i Oxygen 

0 

16 0 

Cadmium 

Cd 

II 2 40 

Palladium 

Pd 

106 7 

Caesium 

Cs 

132 81 

Phosphorus 

P 

31 04 

Calaum 

Ca 

40 07 

Platinum 

Pt 

19s 2 

Carbon 

C 

12 OOS 

Potassium 

K 

39 

Cenum 

Ce 

140 25 

Praseodymium 

Pr 

140 9 

Chlorine 

Cl 

3 S 46 

Radium 

Ra 

226 0 

Chromium 

Cr 

52 0 

Rhodium 

Rh 

102 9 

Cobalt 

Co 

S 8 97 

Rubidium 

Rb 

8 s 4 S 

Columbium 

Cb 

93 s 

Ruthenium 

Ru 

loi 7 

Copper. 

Cu 

63 S 7 

Samanum 

Sa 

ISO 4 

Dysprosium 

Dy 

162 5 

Scandium . 

Sc 

44 I 

Erbium 

Er 

167 7 

Selenium 

Se 

79 * 

Europium 

Eu 

152 0 

Sihcon 

Si 

28 3 

Fluorme 

F 

ig 0 

Silver 

Ag 

107 88 

Gadohnium 

Gd 

IS 7 3 

Sodium 

Na 

23 0 

Gallium 

Ga 

6g g 

Strontium 

Sr 

87 63 

Geimanium 

Ge 

72 5 

Sulphur 

S 

32 06 

Glucmum 

Gl 

9 I 

Tantalum 

Ta 

181 5 

Gold.. 

Au 

197 2 

Tellunum 

Te 

127 5 

Helium 

He 

4 00 

Terbium 

Tb 

159 2 

Holmium. 

Ho 

163 s 

Thallium 

T 1 

204 0 

Hydrogen 

H 

I 008 

Thonum 

Th 

232 4 

Indium. 

In 

114 8 

Thulium 

Tm 

168 5 

Iodine. . . 

I 

126 92 

Tin 

Sn 

iiS 7 

Indium. . 

Ir 

193 I 

Titanium 

Ti 

48 1 

Iron 

Fe 

55 85 

Tungsten 

W 

184 0 

Krypton 

Kr 

82 92 

Uranium 

U 

238 2 

Lanthanum 

La 

139 0 

Vanadium 

V 

51 06 

Lead 

Pb 

207 20 

Xenon 

Xe 

130 2 

Lithium. . . . 

Li 

6 94 

Ytterbium (Neoytterbium) Yb 

173 5 

Luteaum.. 

Lu 

17s 0 

Yttrium, . 

Y 

88 7 

Magnesium. .. 

Mg 

24 32 

Zmc 

Zn 

65 37 

Manganese. . 

^Mn 

S 4 93 

Zirconium. .... 

...Zr 

90 6 

Morcuzy 

--..Hg 

200.6 
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values 14 16 : I ^ The quantities that possess these relative weights 

are known as atoms Often the apparent ratios ot the elements in 
x:ombination are different from the latios between their atomic weights, 
but this IS always due to the fact that one or the other of the elements 
IS present m more than its smallest possible quantity, 1 e , m a greater 
amount than is represented by a single atom For instance, there are 
several compounds of oxygen and nitrogen known, in which the weight 
relations between the two elements may be represented by the follow- 
ing figures 14 : 8, 14 ; 16, 14 * 24, 14 : 32, and 14 : 40 If the 
second of these compounds consists of one atom each of nitrogen and 
oxygen, and these are the smallest quantities of the elements that 
can exist m combination, the several compounds must be made up thus 

14 : 8 14 . 16 14 . 24 14 : 32 14 * 40 

N2O NO N2O3 NO2 N2O5 


for N can exist only m quantities that weigh 14, 28, 42 times as much 
as the smallest quantity of hydrogen present in any compound, 1 e , 
the smgle atom, and 0 in quantities of 16, 32, 48, etc , times the weight 
of the smgle hydrogen atom In order that even multiples of 14 and 
16 shall exist in the ratios given above, their terms must be multi- 
phed by quantities that will yield the following results. 


28 . 16 


14 : 16 


28 48 


14 32 


28 : 80 


which are the weights respectively of the numbers of atoms lepresented 
m the above formulas 

If, then, the elements combine in the ratio of their atomic weights, 
or m some multiple of this ratio, the figures obtained by analysis must 
be in one of these ratios, and consequently they furnish the data from 
which the formula of the substance analyzed may be deduced In 
gold chloride, for example, analysis shows the presence of 64 87 per cent 
Au and 35 13 per cent Cl, 1 e , the gold and the chlorine are united in 

64 87 


the ratio of 64.87 ; 35 13 or 


35 13 


The combining ratio of single 


atoms of gold and of chlorine is, however, 196 7 ' 35 5, or Evi- 

35 5 

dently m gold chloride the ratio of gold to chlorine is only one-third 
as great as is the ratio between the atomic weights of these elements, 
or the ratio of the chlorme to the gold three times as great. Hence 

^ The atomic weight of hydrogen is more accurately i 008, when that of oxygen 
IS taken as 16 
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there must be three times as much chlorme in gold chloride as would 
be represented by a single atom of chlorme, or there must be three 
atoms of chlorine m the compound, for we cannot imagme a quantity 
of gold present which is equivalent to one-third of an atom of gold 
Gold chloride is therefore AuCls 

We can now prove our conclusion by calculation One atom of 
gold and three atoms of chlorme ought to combme m the ratio of 
1967:1065 (le, 355X3) If our conclusion is correct, and the 
gold chloride analyzed is AuCla, then the quantities of gold and of 
chlorme yielded by the analysis should be m this ratio The figures 
obtained are m the ratio of 64 87 : 35 13 Multipl)ring both terms of 
this ratio by 3 031 we obtain 196 62 . 106 5, which is approximately 
the ratio expected. 

In practice, the same result as that outlined above is reached by 
dividmg the results of analyses by the atomic w^eights of the various 
elements or groups of elements concerned The quotients represent the 
proportional numbers of the elements or groups present. If the small- 
est quotient is assumed as unity, the ratios existing between this and 
the other quotients indicate the number of atoms or groups of 
atoms represented by the latter. 

Illustrations, 


Gold Chlonde 

Result of Analysis 

Atonuc Weights 

Quotients 

Ratios 

Au = 

64 87 per cent 

- 196 7 = 

3298 

= I 

Cl = 

35 13 

- 35 5 = 

9896 

= 3 00+ 

Tin Chlonde 

Sn = 

4S 26 per cent 

- 117 4 = 

384 

= I 

Cl = 

54 74 

35 5 = 

1 542 

= 4 04 


The formula of the gold chloride is AuCk, and of the tm chloride, 
SnCU 

Magnesium carbonate on analysis may yield: 0=14.26, Mg=28 37; 
Fe=.34, 0=57 03, or, if recorded m the form of oxides: €02=52.24, 
MgO=47 25, FeO= 43 From either of these results the formula is 
easily obtamed by the method described. 


C=i4 26—11 97=1 188=1 009, 
Mg= 28 37- 23.94= I 186=1.000, 
Fe= .34-5588= .006= .006, 
0=57-O3-i5 96=3 573=3-012, 


or, 

MgCOs, if we neglect the small 
quantity of iron present- 
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From the second set of figures we have* 

C02=S2 24-4389=1 19 = I > ] or, 

MgO=47 25-3990=1 184=1, [ MgO CO2, which is the same as 

FeO= 43—7184= 006, J MgCOs, written in a different way 

All formulas are derived by methods like these, but in many cases 
the processes are made more difficult by the impossibility of deciding 
positively whether those substances that are present m small quantities 
are present as impurities or whether they exist as essential parts of 
the compound 

Formulas of Substances Containing Two or More Metallic 
Elements or Acid Groups. — ^In the illustration given above the com- 
pounds consist of but one kmd of metallic element combined with one 
kind of acid Often m the case of minerals there are present two or 
more metallic elements, and less commonly several acid groups. When 
two metals are present m definite atomic proportions the formula is 
written in the usual manner, as CaMg(C03)2 for the mineral dolomtte, 
in which calcium and magnesium are present in the ratio of one atom 
of each to two parts of the acid group CO3. Very often, and perhaps m 
the majority of cases, when two or more metallic elements are present 
m different specimens of a mmeral they are not found always in the 
same proportion — ^the mmeral may consist of isomorphic mixtures 
of several substances For instance, many calcium-magnesium car- 
bonates are known in which the ratio of calcium to magnesium present 
is not as i atom to i atom, but in which this ratio is as 2 atoms 
to I atom, 3 atoms to 2 atoms, or a ratio which would have to be 
represented by irrational figures like 2 7236 atoms to i 5973 atoms 
Each one of these compounds properly requires a separate formula, 
as 2CaC03+MgC03j 3CaC034'2MgC03, etc , but practically the entire 
series of compounds is represented by a smgle symbol, thus (Ca Mg)C03, 
mdicatmg that m the series we have to do with mixtures of carbonates 
of calcium and magnesium, or with complex molecules contammg in 
different instances different proportions of the two carbonates. For 
greater definiteness the symbol of the characteristic element of the 
substance which is m largest quantity m the compound is usually written 
first, as (Ca Mg)C03, when calaum carbonate is in excess, or 
(Mg Ca)C03 when jtnagnesium carbonate predominates If still greater 
definiteness is desired small figures are placed below the symbols of the 
elements concerned, as (Ca2 Mgi)C03 or (Ca3 Mg2)C03, to indicate 
the respective proportions present. (Ca2 MgOCOa signifies that the 
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mineral thus represented contains calcium and magnpcnim m the 
ratio of 2 atoms of the former to i of the latter 

Compounds Containing Water.— Often salts that separate from 
aqueous solutions combine with certain definite proportions of water 
Sometimes this water combines with the anhydrous portion of the com- 
pound to form a double salt, as MgS04+7H20, or MgSOi 7H2O 
At other times a portion of the water, in the form of the group (OH), 
caUed the hydroxyl group, occupies the place usually occupied by 
a metallic element, and, occasionally, that usually occupied b> an 
acid group, or by oxygen, as in Mg(OH)2 

Water of Crystallization —Double salts composed of an anhydrous 
portion combined with water are usually well crj^stallized Although 
the water appears in many cases to be but loosely combmed mth the 
remainder of the compoxmd it is an essential part of its crystal particle, 
for by the loss of even a portion of it the crystal system of the compound 
is often changed Water m this form is known as water of crystalliza- 
tion, and the compoimds are designated hydrates 

The magnesium sulphate MgS04 7H2O forms orthorhombic crystals 
By evaporation of a hot solution of this substance the sulphate 
MgS04 6H2O separates as monodmic crystals. 

Gypsum is CaSOi 2H2O Its crystallization is monodmic When 
heated to 200° it passes into the anhydrous orthorhombic mmeral 
anhydnie, CaS04 

Water of ciy^stallization may frequently be driven from the com- 
pound in which It exists by contmued heatmg at a comparatively low 
temperature. It is usually given off gradually— -an mcrease in the tem- 
perature causmg an increase m the quantity of water released until 
finally the last trace disappears In many instances such a very high 
temperature is required to dnve off the last traces of the water that it 
would appear that some of it is held m combmation m a different 
manner from that in which the remamder is held Indeed, it is not at 
all certam that double salts containing water of crystallization are 
different m any essential respect from ordmary atomic molecules m 
which hydrogen and oxygen are present in atomic form. 

Combined Water.— Water of crystallization is thought of as 
existmg m the compound as water because of the ease with which it 
can be driven off Compounds in which the hydroxyl group is present 
yield water only upon being heated to comparatively high temperatures 
In them the elements of water are present, but not united as water. 
When freed from their combinations with the other constituents of the 
compound by heat they unite to form water Because its elements 
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are thought of as closely combined with the other elements in the 
molecule, this kmd of water is often distmguished from water of crystal- 
lization by the term combmed water. 

Brucite (Mg(OH)2) and malachite (Cu2(0H)2C03) are minerals 
contammg the elements of water When heated they yield water 
accordmg to the reactions Mg(OH)2 = MgO+HoO and Cu2(0H)2C03 
= Cu 0 ' 4 ”CuC 03 "|”Il 20 . 

Combined water is not only more difficult to separate from its com- 
bmation than is water of crystallization, but when the combination 
IS broken the chemical character of the ongmal substance is radically 
changed, as may be seen from the reactions above indicated. More- 
over, combined water is given off suddenly, at a certain minimum 
temperature, and not gradually as m the case of water of crystal- 
lization. 

Blowpipe Analysis.— Although blowpipe analysis serves merely to 
identify the chemical components of mmerals, it is a most important 
aid to mmeralogists m their practical work 

Nearly all mmerals may be recognized with a close degree of accu- 
racy by their morphological and physical properties To distinguish 
between several mmerals that are nearly alike m these characteristics, 
however, the determination of composition is often important In'' 
cases of this kmd a single test made with the blowpipe will frequently 
give the desired mformation as to the nature of some one or more of 
the chemical elements present, and thus m a few moments the mmeial 
may be identified beyond mistake 

The apparatus necessary to perform blowpipe analysis is very 
simple and the number of pieces few These, together with all the 
reagents m sufficient quantity to determme the composition of hundreds 
of mmerals, may be packed mto a box no larger than a common lunch 
box (See pp 467-470) 

For more refined work than the mere testing of mmerals a larger 
collection of both apparatus and reagents is necessary, but m no case 
is the quantity of material consumed m blowpipe analysis as great as 
when wet methods of analysis are used 

Principles Underlying Blowpipe Analysis.— The principal phe- 
nomena that are the basis of blowpipe work are the simple ones known 
m chemistry as volatilization, reduction, oxidation, and solution 

For volatilization experiments charcoal sticks and glass tubes are 
used A blowpipe serves to direct a hot blast upon the assay. The 
volatihzed products collect on the cool parts of the charcoal which 
they coat with a characteristic color, or upon the cooler portions of 
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tlie glass tubes The sublimates that collect in the tubes may be tested 
with reagents or examined under the microscope 

Some volatile substances impart a distmct and characteristic color 
to an otherwise colorless flame These may be tested m the direct flame 
of the blo\\pipe 

Oxidation and reduction experiments are usually performed either 
on charcoal or in glass tubes Oxidations are effected m open tubes 
and reductions in those closed at one end The products of the oxida- 
tion or of the reduction are studied and from their characteristics the 
nature of the original substance is inferred 

The solution of bodies to be tested is often made in the usual man- 
ner, i.e , by treatmg them xvnth hqmd reagents, but more frequently 
it IS accomplished by fusion of a small quantity of the body with borax 
(Na2B407 10H2O) or microcosmic salt ((NH4)NaHP04 4H2O). The 
molten reagent dissolves a portion of the substance to be tested and in 
many cases forms with it a colored mass From the color of the mass 
the nature of the colormg matter may be learned. 

Although the underl}dng pnnciples of blowpipe analysis are simple 
the reactions that take place betw^een the reagents and the assay are 
often very complex. 

More explicit details of the operations of qualitative blowpipe 
analysis are given m Part III 

Microchemical Analysis. — ^The processes of microchemical analysis 
are limited m their application to the detection of a single element or, 
at most, of a very fewr elements in small quantities of mmerals. They 
are employed mamly m deciding upon the composition of a substance 
whose nature is suspected 

The principle at the basis of all microchemical methods is the manu- 
facture of crystallized precipitates by treatment of the mineral under 
mvestigation with some reagent, and the identification of these pre- 
cipitates through their optical and morphological properties. 

In practice, a small particle of the mineral the nature of which it 
is desired to know is placed on a small glass plate, which may be covered 
with a thm film of Canada balsam to prevent corrosion, and is 
moistened with a drop or two of some reagent that will decompose 
it The solution thus formed is slowly evaporated by exposure to the 
air The plate is then placed beneath the objective of a microscope 
and the crystals formed during the evaporation are investigated Or, 
after a solution of the assay is obtamed there is added a small quantity 
of some reagent and the resultmg precipitate is studied under the 
microscope. By their shapes and optical properties the nature of the 
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Fig I —Sodium Fluosihcate Ciystals Magnified 72 diam (After Rosenbusck ) 



Fig 2 —Potassium Fluosihcate Crystals Magnified 140 diam. (After Rosenbusch ) 
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crystals produced is determined, and in this way the nature of the con- 
stituents they have obtamed from the mmeral particles is discovered 

A large number of reagents ha\e been used m microcheinical tests 
each of which is best suited to some particular condition The most 
generally useful one is hydrofluosiiicic acid (H2SiFb). If small frag- 
ments of alhite and of orthoclase are placed on separate glass slips, such 
as are used for mounting microscopic objects* and each is treated with 
a drop of this reagent and then allowed to remam m contact with the 
air lor a few mmutes until the solutions begm to evaporate, those 
portions of the solutions remammg will be discovered to be filled with 
little crj^stals The crystals m the solution surroundmg the albite are 
hexagonal m habit (Fig i), while those m the solution surrounding 
the orthoclase are cubes, octahedrons or combmations of forms belongmg 
to the isometric system (Fig 2). The former are cr>^stals of sodium 
fluosilicate and the latter crystals of the corresponding potassium salt 
The albite, consequently, is a sodium compound and the orthodajse a 
compound of potassium In similar manner, by means of this or of 
other reagents the constituents of many minerals may be easily detected 
The method, however, is made use of only m speaal cases, when for 
some reason or other analytical methods are not apphcable 

Synthesis. — Synthesis is the opposite of analysis. By the analytical 
processes compounds are tom apart, or broken down, whereas by syn- 
thetical operations they are put together or built up Synthetic methods 
are employed principally in the study of the constitution of minerals 
and of their mode of formation, and m the investigation of the condi- 
tions that determme the different crystal habits of the same mmeral 
The products of synthetic reactions are often spoken of as artifiaal 
mmerals because made through man’s agency In many instances 
these artificial mmerals are identical m ever>’' sense wdth natural minerals 
Consequently, they may often serve as material for study, when the 
quantity of the natural mineral obtainable is too small for the purpose 

Classification of Minerals. — Classification is the grouping of 
objects or phenomena in such a manner as will bring together those 
that are related or that are similar in many respects and will separate 
those that are different 

Smee minerals are chemical compounds whose properties depend upon 
their compositions, their most logical classification must be based upon 
chemical relationships. But their morphological and physical properties 
are their most noticeable features, and hence these should also be taken 
into account in any classification that may be adopted. Probably 
the most satisfactory method of classifymg mmerals is to group them, 
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first, m accordance '^ith their chemical relationships and, second, m 
accordance with their morphological and physical properties 

The first division is into the great chemical groups, as, for instance, 
the elements, the chlorides, the sulphides, etc The second division 
is the separation of these great groups mto smaller ones comprising 
mmerals possessmg the same general morphological features These 
smaller groups may contam only a smgle mmeral or they may contain 
a large number of closely allied ones If the basis of the subgrouping 
IS manner of crystallization, it follows that the members of subgroups 
contammg more than one member are usually isomorphous compounds 
Thus the subdivisions of the great chemical groups are smgle minerals 
and small or large isomorphous groups of minerals, arranged in the 
order m which their metallic elements are usually discussed m treatises 
on chemistry For example, the great group of carbonates embraces 
all mmerals that are salts of carbonic acid (H2C0'3) This great group 
is divided mto smaller groups along chemical lines, as for instance, the 
normal carbonates, the hydrous carbonates, the basic carbonates, etc 
These smaller groups are finally divided into subgroups according to 
their morphological properties — the normal salts, for example, being 
divided mto the two isomorphous groups known as the calcite and the 
aragonite groups, and a third group comprising but a smgle mineral 
In certain specific cases some other classification than the one 
outlmed above may be desirable For instance, in books written for 
mmmg students it is often found that a classification based upon the 
nature of the metallic constituent is of more interest than the more 
strictly scientific one outlined above, because such a classification 
emphasizes those components of the minerals with which the mining 
student is most concerned In books written for the student of rocks, 
on the other hand, the most important determinative features of minerals 
are their morphological characters, hence m these the classification 
may be based primarily on manner of crystallization 

In the present volume the classification first outlined is used, but 
because such a small proportion of the known minerals are discussed 
the beauties of the classification are not as apparent as they would be 
were all described 
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THE FORMATION OF MINERALS AND THEIR ALTERATIONS 

The Origin of Minerals. — Minerals, like other terrestrial chemical 
compounds, are the result of reactions between chemical substances 
existmg upon the earth When they are the direct result of the action 
of elements or compounds not already existmg as mmerals they are said 
to be pnmary products, when formed by the action of chenucal agents 
upon minerals already existmg they are often spoken of as secondary^ 
though this distinction of terms is not always apphed 

Quartz (S1O2), formed by the coohng of a molten magma, isprimar}^ , 
when formed by the action of water upon the sihceous constituents of 
rocks it is secondary 

The Formation of Primary Minerals — Mmerals are produced in a 
great variety of w^ays imder a great variety of conditions Even the 
same mmeral may be produced by many different methods The more 
common methods by which primary minerals are formed are precipita- 
tion from a gas or a mixture of gases, precipitation from solution, the 
coohng of a molten magma, and abstraction from water or air by plants 
and animals 

Deposits from Gases. — ^Emanations of gases are common m vol- 
canic districts The gases escapmg from volcamc vents are mainly 
water vapor, hydrochloric acid, sulphur dioxide, sulphuretted hydro- 
gen, ammonia salts and carbon dioxide, besides small quantities of other 
gases and the vapors of various metalhc compounds By the reactions 
of these with one another or with the oxygen of the air, sulphur, salam- 
momac (NH4CI) and other substances may be formed, and by their 
reaction upon the rocks m the neighborhood hahte (NaCl), ferric chlo- 
ride (FeCls), hematite (Fe203) and many other compounds may be 
produced 

The production of mmerals through the reactions set up between 
various gases and vapors is known as pnmmatolysis Their separation 
from the gaseous condition is known as siiblimaUon Mmerals formed 
by sublimation are usually deposited as small, brilhant crystals on the 
surfaces of rocks or upon the walls of cavities and crevices in th^m. 

17 
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The reactions by which they are produced are often quite simple. Thus 
the reaction betw'een sulphuretted hydrogen and sulphur dioxide yields 
sulphur (2H2S+S02 = 3S+2H20), as does also the reaction between the 
first named gas and the oxygen of the atmosphere (H2S+0 = H20+S) 
Ferric chloride may be produced by the action of hot hydrochloric 
aad upon some iron-bearmg material deep withm the earth’s in- 
terior This bemg volatile at high temperatures escapes to the air 
as a gas Here it may react with water vapor, with the resulting for- 
mation of hematite (2FeCl3+3H20=Fe203+6HCl) By the action 
of carbonic acid gas upon volatile oxides, carbonates are formed, 
(Fe203+2C02=2FeC03+0) In other cases, however, the reactions 
are very complicated 

Precipitation from Solution. — ^Nearly all substances are soluble 
to an appreciable degree m pure water An increase in temperature 
usually increases the quantity of the substance that can be dissolved, 
as does also an increase of pressure Moreover, the solubility of a 
salt IS increased on the addition of another salt containing no common 
ion, and, conversely, is diminished in the presence of another having a 
common ion Thus, gypsum (CaS04 2H2O) is sparingly soluble in 
water, but it becomes much more soluble upon the addition of salt 
(NaCl) On the other hand, salt (NaCl) is much less soluI:)le m water 
containing a little magnesium chloride (MgCb) than it is m pure water. 

When a solvent contams a maximum amount of any substance that 
it may hold under a given set of conditions the solution is s*ud to be 
saturated From a saturated solution under ordinary conditions 
precipitation results Upon the evaporation of the solvent, the lowering 
of its temperature or of the pressure under which it exists, or the addi- 
tion to the solution of a substance containing an ion already in the 
solution. Of course, the addition of a substance which will react with 
the solution and produce a compound insoluble m it will also cause 
precipitation 

The following table contains the results of various experiments on 
the solubility of some common minerals 

Solubility of Various Compounds in 100 Parts I^urk Watfr 


(The results are given m parts by weight) 


Hahte (NaCl), at 7° 

35 68 

Calcitc (CaCO.), in the 


Fluorite (CaF2), at 15J® 

0037 

cold 

002 

Gypsum (CaS04 2H20),ati5° 

250 

Strontianite (SrCOj) in 


Anhydrite (CaSOO, m the cold 

00025 

the cold 

ooSSS 

Celestite (SrS04), at 14® 

015 

Magnetite (F,c04) 

00035 
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Percentages or Various Minerals Soluble in Water SO® 


(When treated 30 to 32 da\s) 


Galena (PbS) 

I 79 

Chalcop>rite fCuFeSo) 

Stibmte (SbiSs) 

5 01 

Bouraomte f(Pb CulSbSs) 

Pynte (FeSo) 

2 99 

ArsenopjTite (FeAsSj 

Sphalerite (ZnS) 

025 



1669 
2 075 
I 5 


So many substances that are usually regarded as insoluble are known 
to be dissoh ed under conditions of high temperature and pressure that 
no substance is behe\ ed to be entirely msoluble 

Powdered apophyllite ((HK)2Ca (8103)2 H2O), w’hich is a silicate 
that is generally regarded as insoluble in w'ater, is dissoh ed sufficiently 
in this sohent at a temperature of i8o°-iqo° and under a pressure of 
10-12 atmospheres to }ield crystals of the same substance upon coolmg 
Water containing gases or traces of salts is usually a more efficient 
dissolving agent than pure w’ater When the gases are lost, or the 
salts are decomposed by reactions with other compounds, precipitation 
may ensue 

Parts or Various Minerals Dissolved in 10,000 Parts of Various 

Solutions 

Gold loses I 23 per cent of its weight w^hen treated with 10 per cent soda 
solution at 200® 

One part gypsum (CaS04 2H2O) dissolves in 199 parts of saturated NaCl 
solution Only 4 part dissolves m 200 parts pure water 

Py} ite (FeSo) loses 10 6 per cent of its mass upon boilmg for a long tune 
with a solution of Na2S Under the same circumstances galena loses 23 
per cent 

One of the commonest of the gases found m water on the earth’s 
surface is carbon dioxide This is an active agent m decomposmg sili- 
cates and m dissolving carbonates, so that water in which it is dissolved 
is usually a more powerful solvent than pure water Its dissolvmg 
power increases wnth the pressure, as m the case of pure w’ater, but 
diminishes with mcreasmg temperature The action of carbonated 
w^ater on silicates is due to the replacement of the silicic acid by carbonic 
acid and the production of bicarbonates, which are usually more soluble 
than the corresponding carbonates The greater solubihty of carbon- 
ates, like calcite, m carbonated water is also due to the formation of 
bicarbonates For example, the action of carbonated water upon cal- 
cite (CaCOs) IS as follows 

CaC03+H20+C02=CaH2(C03)2. 
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Carbonated water is more effective as a solvent under pressure 
because of the mability of the CO2 to escape imder this condition When 
pressure is removed the CO2 escapes, or evaporation takes place, and the 
reverse reaction occurs, as 

CaH2(C03)2= CaC03+H20+C02 

The dissolving effect of carbonated water upon various carbonates 
and other minerals and the influence of pressure and temperature upon 
the solution of a carbonate are indicated in the three tables following 


Solubility of Certain Carbonates in 10,000 Parts of Carbonated 

Water 

(The results are given in parts by eight) 


Calcite (CaCOa), at 10° 

10 0 

Sidente (FeCOj) at 18° 

7 2 

Dolomite (CaMg(COa)2) at iS° 

3 I 

Withente (BaCOj) at 10° 

17 0 

Magnesite (MgCOa), at 5° 

13 I 

Strontiamte (SrCOi), at 10° 

12 0 

Percentages of \arious Minerals 

Soluble in Carbonated 

Water 

(When treated 7 weeks) 


Adulana (KAlSiaOg) 

328 

Apatite (CasCF CDCPO^,) 

I 821 

Oligoclase 


Apatite (Ca.(F C1)(PO,)0 

CO 

0 

Cl 

(NaAlSi308+CaAl(Si0)4) 

S33 

Olivine ((Mg Fe)2SiO0 

2 HI 

Hornblende (complex silicate) 

I 536 

Magnetite (FcaO^ 307 to i 821 

Serpentine (H4Mg3Si209) 

I 2II 




Influence of Temperature and Pressure upon the Solution of 
Magnesium Carbonate (MgCOs) in Carbonated Water 


(The results are given m parts per 10,000 by weight) 


I atmos at 19® 

2 579 parts 

Temp 13 4° under i atmos 

2 84s 

3 2 

3 730 

29 3 

2 10s 

5 6 

4 620 

62 0 

1 03? 

7 5 

5 120 

82 0 

400 

9 0 

5 6 s 9 

100 0 

000 


Precipitation from Atmospheric Water —Ram is an active agent 
m dissolving mmeral matter Since it absorbs small quantities of carbon 
dioxide, sulphur gases and other substances as it passes through the 
atmosphere it may act upon many compounds, dissolvmg some, decom- 
posmg others and forming soluble compounds from those that would 
otherwise be practically insoluble Moreover, it transports the dissolved 
materials from one portion of the crust to some other portion, where, 
under favorable conditions, they may be precipitated The rain water 
that penetrates the earth’s crust, dissolving and precipitating in its 
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course through the crust, is known as mdose water It is an important 
agent in ore-formation, since it may collect mineral matter from a great 
mass of rocks and precipitate it m some favorable place, thus makmg 
ore bodies 

Deposits of Sprmgs. — Springs are the openmgs at which under- 
ground water escapes to the earth’s surface Much of the water flowing 
from springs is the meteoric w’ater w’hich has circulated through the 
crust and is again seeking the surface In its course through the crust it 
dissolves certain materials Where it reaches the surface some of this 
material may be dropped m consequence of (i) evaporation of the water, 
or (2) the escape of carbon dioxide, or (3) the oxidation of some of its 
constituents through the action of the air, or (4) the coolmg of the w'ater 
in the case of warm or hot sprmgs 

The deposits thus formed may occur as thin coatmgs on the rocks 
over which the sprmg water passes, or as layers in the bottom of the 
sprmg and the stream issuing from it Among the commonest mmerals 
thus deposited are calcite (CaCOa), aragonite (CaCOs), siderite (FeCOs) 
and other carbonates, gypsum (CaS04 2H2O), pyrite (FeS2), sulphur 
(S), and limonite (Fe403(0H)6) The carbonates are deposited largely 
m consequence of the escape of CO2 from the water, gypsum in conse- 
quence of coolmg, and limomte and sulphur through oxidation. If the 
w^ater contains H2S, this reacts 
with the oxygen and a deposit 
of sulphur ensues (compare 
p 18) 

When the precipitation oc- 
curs m cracks or fissures m the 
rocks the precipitated matter 
may partially or completely fill 
the fissure, produemg a vem, or, 
the preapitated matter may fill 
an irregular cavern formmg a 
bonanza It sometimes covers 
the walls of cavities or the sur- 
faces of mmerals already exist- 
ing, giving rise to a druse In 
other cases precipitation may 
occur while the solution is drippmg from an overhanging surface, 
makmg a stalacMe, or the preapitate may fill the tmy crevices between 
grams of sand cementing the loose mass mto a compact rock 

Mmerals produced by precipitation are often beautifully crystallized. 



Fig 3 — Cross-section of Symmetrical Vein 
{Afttr Le Neve Foster ) 

(а) Decomposed rock (r) Galena 

(б) Quartz crystals (d) Sidente 




22 


GENERAL CHEMICAL MINERALOGY 


At other times they form groups of needles yielding globular and other 
imitative shapes, while in still other instances they occur as pulverulent 
or amorphous masses The fillings of veins are often arranged sym- 
metrically, similar materials occurrmg on opposite sides of their central 
planes m bands, as shown in the figure (Fig 3) Some important ores 
have been concentrated and deposited in this way 

Deposits from Hot Springs.—The water of hot springs deposits a 
greater variety of minerals than that of cold springs Practically all 
mmerals that are soluble m hot water or m hot solutions of salts are 
among them Among those of economic value may be mentioned 
annabar (HgS) and stibmte (Sb2S3) 

Deposits from the Ocean and Lakes.— The water of the ocean and 
of many lakes is rich m dissolved salts. That of lakes, however, is often 
saturated or nearly so, while that of the ocean is not near the saturation 
pomt. Consequently, while many lakes may deposit mineral sub- 
stances, the ocean does not do so except under peculiar conditions When 
a portion of the ocean is separated from the mam body of water, it may 
evaporate and leave all of its mmeraJ matter behmd Lakes may also 
completely evaporate with a similar result In each case the deposits 
form layers or beds at the bottom of the basm in which the water was 
collected. 

In other instances the water brought to the ocean or a lake may 
contain substances which will react with some of the materials already 
present and produce an msoluble compound which will be precipi- 
tated 

Of course, the nature of the beds thus formed will depend upon the 
character and proportions of the substances that were in the water 
The ocean will yield practically the same kinds of compounds all over 
the world and the beds deposited by the evaporation of ocean water 
will be formed in nearly the same succession ever3rwhere In the case 
of enclosed bodies of water — ^like lakes or seas — ^in which the composi- 
tion of the water may differ, the deposits formed may also differ 

Many of the deposits formed m bodies of water are of great eco- 
nomic importance and, consequently, are extensively worked Prob- 
ably the most important are the beds of salt (NaCl) and of gypsum 
(CaS04 2H2O), although borax (Na2B407 10H2O) was foimerly 
obtained m large quantity from the deposits of some of the lakes in 
the desert portions of the United States 

In the following table are given the results of analyses of water of 
the ocean and of Great Salt Lake, m Utah, calculated on the assump- 
tion that the elements are combined m the manner indicated m the 
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column on the left The results of the analyses of the waters of a few 
noted lakes are given in the succeedmg table 

Composition of S\lts Contained in Water of the Oce\n and Gre\t 

S^LT Lake 

(Parts m looo of Water) 



I 

II 

in 

NaCl 

27 3726 

8 1163 

118 628 

KCl 

5921 

1339 


MgCh 

3 3625 

6115 

14 90S 

CaS 04 

I 3229 

9004 

858 

]\IgS 04 

Na 2 S 04 

K,S 04 

2 2437 

3 0S5S 

9 321 

S 363 

RbCb 

0190 

0034 


MgBra 

0547 

cx>Si 

tr 

Ca 3 (P 04)2 

0156 

0021 


CaCOs 

0434 

0780 


FeCOa 

0019 

0011 


S1O2 

0149 

0024 



3 S 0433 

12 9427 

149 078 


I Water of N Atlantic off Norwegian Coast Anal>st, C Schmidt 
II Average of Five Analyses, Caspian Sea at depths of from i m to 640 m 
Analyst, C Schmidt 

III Great Salt Lake, Utah Analyst, O D Allen 


Percentage Composition of the Residues of a Few Lake Waters 



Cl 

j 

! 

Br j 

SO 4 

CO 3 

' 

Na 

K 

1 

Ca 

1 

i 

Mg 

S 1 O 2 

etc 

Total Solids 
(per 1000 
of Water) 

Dead Sea 

64 49 

1 45 

45 


15 75 

3 24 

4 09 

10 53 

tr 

220 3 

Lake Beisk, Siberia 

22 79 

tr 

42 32 

61 

31 32 

1 01 

07 

1 S6 

02 

104 7 

Qoodenough Lake, B C 

7 64 


7 OS 

41 41 

36 17 

6 65 

02 

04 

99 

103 47 

Borax Lake, Cal 

32 27 

04 

13 

22 47 

38 10 

1 52 

03 

35 

02 

76 56 


Deposits from Magmatic Water. — ^Equally important in depositing 
mmeral matter is the water that escapes from coohng lavas and other 
molten magmas — designated as juvenile water All molten magmas 
existing under pressure, 1 e , at some distance beneath the crust, contam 
the components of water, which escape as the magma cools or when the 
pressure diminis hes, whether the dimmution of the pressure is due to 
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the escape of the lava to the surface or to the cracking of the crust 
In Its passage to the surface the hot water carrying dissolved salts pene- 
trates all the cracks and cavities m the rocks through which it passes 
m its ascent and deposits its burden of material, forming veins and other 
types of deposits Or, its components may decompose the materials 
with which it comes m contact, replacmg them wholly or in part by the 
substances which it is carrying or by the products of decomposition 



Fig, 4 —Cross-section of Vein in Green Porphyry The vein filling is chalcedon} 
The white splotches are feldspar crystals The fairly uniform character of the 
rock where not affected by the vein is seen on the right side of the picture The 
rude banding parallel to the vein is due to changes that have proceeded out- 
ward from the vein-mass into the rock 

Since in many cases magmatic water contains corrosive gases, such as 
fiuorme, its action on the rocks which it traverses is profound A tiny 
crack m the rocks may be gradually widened and the matenal on both 
sides of It be replaced by new matenal, thus produemg a vein which 
is sometimes difScult to distmgmsh from a vein made m other ways 
(Fig 4) This process is known as vietasoinat%sm, which is one kind of 
metamorfhism It is an important means of produang pseudomorphs 
and bodies of mmeral matter sufficiently rich in me tal lic contents to 
constitute ore-bodies 
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Solidification from Molten Magmas.— A molten magma, such as a 
liquid lava, is probably a solution of various substances — mainlv sili- 
cates — in one another, or m a hot solvent Upon cooling or upon change 
of conditions, such as may arise from loss of gas or water or from reduc- 
tion of pressure, this hot solution gradually deposits some of its con- 
stituents as definite chemical compounds Upon further coolmg other 
compounds solidify and so on, until finally, if the rate of cooling has been 
slo\^, the entire mass may separate as an aggregate of minerals — such 
as constitute many of the rocks, as granite for instance, and man\ of the 
lavas If the coolmg has been rapid, some of the material ma\ separate 
as definite minerals while the remainder solidifies as a homogeneous 
glass, as m the case of most lavas Sometimes the minerals thus formed 
are bounded by crystal planes, but usually their grow’th has been so 
mterfered with that it is only by their optical properties that they can 
be recognized as crystalline substances The nature of the mmerals 
that separate depends upon a great variety of conditions, the most 
important of which is the chemical composition of the magma 

In some cases the minerals separatmg from a magma tend to segre- 
gate in some limited portion of its mass and thus produce an accumula- 
tion that may be of economic value, le, the magma dijfaentiates 
Magnetite (Fe304), ilmemte ((Fe Ti) 203 ), pyrite (FeS 2 ) and a few" other 
minerals are sometimes segregated m this way m very large masses 
Metamorphic Minerals — Many mmerals are characteristic of rocks 
that are m contact with others that were once molten They w^ere 
formed by the gases and hot wraters given off from the magmas before they 
cooled The hot solutions with their charges of gas and salts penetrated 
the pores of the surrounding rock and deposited m them some of their 
material They reacted wnth some of the rock’s components, producmg 
new compounds, and extracted others, leavmg pores mto which new 
supplies of gas and water might enter In some cases the entire body 
of the surroimdmg rock has been replaced by newr material for some 
distance from the contact Beyond this belt of most profound meta- 
fnorphtsm are other belts m which the rock is less altered, until finally in 
the outer belt is the unchanged origmal rock Into the outer contact 
belt perhaps only gas penetrated and the changes here may be entirely 
pneumaiolykc Near the contact the changes may be metasomatic 
Minerals formed by these processes near the contact of igneous masses 
are frequently referred to collectively as contact minerals. 

In other cases new minerals may be produced m rocks in consequence 
of cnishmg attended by heat Hot water under high pressure 
greatly facilitates chemical changes A part of the matenals of the 
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crushed rock dissolves, reactions are set up and new compounds may 
be formed The new minerals produced are more stable than the 
original ones and have in general a greater density and consequently 
a smaller volume The type of metamorphism that produces these 
effects IS known as dynamic metamoi phism 

Organic Secretions —The transfer of mineral substances from a 
State of solution to the solid condition is often produced through the aid 
of organisms MoUusca, like the oyster, clam, etc , crustaceans, like 
the lobster or crab, the microscopic ammals and plants knowm as pro- 



Fig 5 — Bionte Dike Cutting Granite Gneiss Pelican Tunnel, Georgetown, Colo. 

{After Spiirr and Garry ) 

tozoans and algae and many other animals and vegetables abstract 
mineral matter from the water in which they live and build up for them- 
selves hard parts These hard parts, usually in the form of external 
shells, are composed of calcium carbonate (CaCOs), either as caicite or 
aragomte, of silica (S1O2) or of calcium phosphate Ca 3 (P 04 ) 2 . Although 
not commonly regarded as minerals these substances are identical 
with corresponding substances produced by inorganic agencies ^ 

Paragenesis.— It is evident that minerals produced in the same 

1 Plants and animals upon decaymg yidd organic acids which may attack minerals 
already existmg and thus give nse to solutions which may deposit pynte (FeS2), 
limomte (a hydrated iron oxide) or some other metallic compound This process, 
however, is properly simply a phase of deposition from solutions 
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way will generally be found together. A certain association of minerals 
will thus characterize deposits from magmas, another association 



Fig 6 — Vein in Griffith Mine, Georgetown Colo , Showing Two Periods of Vein 
Deposition {After Sptirr and Garry ) 

gn = wall rock b = sphalerite c = chalcopynte 

q * comb quartz P = pynte g - galena 

Balance^of vem-fillmg is a mixture of manganese-iron carbonates 



I E 3 4 5 6 7 8 9 10 II 12 13 8 14 


Fig 7 Vein Forming Original Ore-Body, Butte, Mont {After W. H Weed ) 

(i) Fault breccia, (2) ore, (3) altered granite, (4) first-class ore, (3) crushed quartz and 
boriute, (6) fault clay, (7) solid pynte and bomite, (8) crushed quartz and pynte, (9) sohd 
enargite ore with bornite, Cio) banded white q^uartz and bomite, (ii) white quartz, 6 inches, 
(12) solid bornite, (13) solid pynte with bornite and quartz blotches, (14) bomite, (1$) granite- 

those precipitated from water, another those produced by contact 
action, etc This association of minerals of a similar ongm is known 
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as their paragenesis From a study of their relations to one another the 
order of their deposition may usually be determined 

Occurrence.— The manner of occurrence of mineral substance is 
extremely varied, as may be judged from the consideration of the vari- 
ous ways m which they are formed Deposits laid down in water occur 
m beds or m the cement uniting grains of sand, etc , such as the beds 
of salt (NaCl) or gypsum (CaS 04 2H2O) found m many regions Those 
produced by the cooling of magmas may form great masses of rock 
such as granite, which when it occurs as the filling of cracks in other 
rocks IS said to have the form of a dike (Fig 5) Deposits made by 

water, whether meteoric or mag- 
matic may give rise to veins, which 
may be straight-walled or branch- 
ing, like the veins of quartz (S1O2) 
that arc so frequently seen cutting 
various siliceous rocks When the 
vems aie filled by meteoric water 
they often have a comb-structure — 
the filling consisting of several sub 
stances arranged in definite layers 
following the vein walls (see p 21) 
If the composition of the depositing 
solution, w^hether meteoric or mag- 
matic, has remained constant for a 
long time the \^ein may be filled 
wuth a single substance It its com- 
position changed during the time 
the filling was in progress the layers 
are of different kinds Further, it 
Fig 8 — Druse of Smithsomte (ZnCOg) deposition continued uninterruptedly 
on Massive Smithsonite the layers may match on opposite 

sides of the vein and the succession 
may be the same from walls to center If, however, after the partial 
or complete filling of the crack it was reopened and the new crack was 
filled, the new vein when filled would be unsymmetrical if the new crack 
occurred to one side of the center of the original vein (Fig 6) Repeated 
reopemng may give rise to a vein that is so lackmg in symmetry that 
it IS difi&cult to trace the succession of events by which it was produced 
(Fig 7) Vems filled by magmatic w^ater are frequently more homo- 
geneous. 

Druses (Fig 8) arise when deposits simply coat the walls of fissures. 



FORMATION OF MINERALS 


29 


In many cases they may be regarded as veins, the development of which 
has been arrested and never completed When the deposits coat the 
walls of hollows withm rocks they are knoTO as geodes (Fig 9) Geodes 
are common m limestones and other easily soluble rocks in \^hich 
cavities may be dissolved 

Gases and water under great pressure may penetrate the micro- 
scopic pores existmg in all rocks and there deposit material which may 
fill the pores and cement the rocks If the deposited material is metallic 
the rocks may be transformed mto masses sufficiently rich m metallic 
matter to become ore-bodies A body of this kmd is known as an 
impregnation It is well represented by some of the low grade gold 
ores, such as those in the Black Hills 

When rocks are decomposed bv the weather they are broken up 



Fig 9 — Geodes Containing Calcite (CaCOs) Crystals 

The rams wash the disintegrated substance into streams In its course 
downward to lakes or the ocean, the heavier fragments, such as metallic 
particles, may settle while the hghter portions are carried along 
Thus the heavy parts may accumulate in the stream bottoms These 
materials, consisting of gold, magnetite, garnet, pyrite and other min- 
erals of high specific gravity, form a loose deposit in the stream bed 
which is known as a placer. Gold is often found in placer deposits 
The hghter portions may be carried to the lake or sea into which the 
streams enter and may accumulate as sand on beaches and on the 
bottom near the shores as gravel, sand, silt, etc Most sand consists 
prmcipally of quartz, but many sands contain also grams of feldspar 
and other silicates, and sometimes other compounds 
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Alteration of Minerals. — Minerals, like living things, are constantly 
subject to change Circulating waters may dissolve them in part, 
or completely, and transport their material to a distant place, there 
depositing it either m the form it originally possessed or in some new 
form On the other hand, the mineral substance may be decomposed 
into several compounds some of which may be carried off, while others 
are left behmd Again, the material remaining behind may com- 
bme with other matter held in the water causing the decomposition, 
and may form with it a new mineral or a number of different minerals 
occupying the place of the original one This is m part metasomatism 
The atmosphere may also act as a decomposer of minerals Through 
the agency of its oxygen it may cause their oxidation, or it may cause 
them to break up mto several oxidized compounds Through the agency 
of its moisture, it may dissolve some of these secondary substances or 
It may form with them hydrated compounds The substances thus 
formed may be dissolved in water and carried off, or they may remain 
to mark the place of the mineral from which they w^ere derived 

Water, containing traces of salts, or gases m solution are exceedingly 
active agents in effecting changes m minerals Many examples of the 
alteration of practically insoluble minerals under the influence of dilute 
solutions are known Calcite (CaCOa), for instance, when acted upon 
by a solution of magnesium chloride (MgCla) takes up magnesium and 
loses some of its calcium Monticellite (CaMgSi 04 ) when acted upon 
by solutions of alkaline carbonates breaks up into a magnesium silicate 
and calcium carbonate. Dilute solutions of various salts are constantly 
circulating through the earth’s crust and are there effecting trans- 
formations m the minerals with which they come in contact On, or 
near, the surface the transformations are takmg place more rapidly 
than elsewhere because here the solutions are aided m their decompos- 
mg action by the gases of the atmosphere 

The effect of the air m causmg alteration is seen in the green coat- 
mg of malachite ((Cu0H)2C03) that covers surfaces of copper or of 
copper compounds exposed to its action In this particular case the 
coating is due to the action of the carbon dioxide and the moisture of 
the atmosphere. Other substances in contact with the air are coated 
with their own oxides, sulphides, etc. 

Pseudomorphs — ^When the alteration of a mineral has proceeded 
in such a manner that the new products formed have replaced it particle 
by particle a pseudomorph results Sometimes the newly formed suli- 
stance crystallizes as a single homogeneous gram filling the entire 
space occupied by the origmal substance Usually, however, the alter- 



FORMATION OP MINERALS 


31 


ation begins along the surfaces of cracks or fissures in the body under- 
going alteration, or upon its exterior, thus producing the new material 
at several places contemporaneously (Fig ro) When the replace- 
ment takes place in this manner the resultmg mass is a network of 
fibers of the new substance or an aggregate of grains with the outward 
form of the replaced mineral 

With respect to their method of formation chemical pseudomorphs 
may be classified as alteration 
pseudomorphs and replacement 
pseudomorphs 

Alteration Pseudomorphs. — 

Pseudomorphs of this class may 
be defined as those which retain 
some or all of the constituents of 
the original minerals from which 
they were derived. 

Paramorphs. — Pseudomorphs 
composed of the material of the 
pseudomorphed substance with- 
out addition or subtraction of 
any component are known as 
paramorphs, 

Paramorphism is possible only 
in the case of dimorphous bodies. 

It results from the rearrangement 
into new bodies of the particles of which the original body was com- 
posed- 

illustrations Colette (hexagonal CaCOs) after aragonite (ortho- 
rhombic CaCOs), orthorhombic sulphur after the monoclinic variety. 

Partial Pseudomorphs. — ^The great majority of pseudomorphs 
retain a portion, but not all, of the material of the ongmal mineral 
They may be formed by the addition of material to the ongmal body, 
by the loss of material from it, or by the replacement of a portion of 
Its material by new material 

Pseudomorphs formed by the addition of substance to that already 
existmg are rare The substances most frequently added in the pro- 
duction of such pseudomorphs are oxygen, sulphur, the hydroxyl 
group (OH) and the carbonic aad group (CO3 and CO2) 

Illustrations Malachtte ((Cu0H)2C03) after copper, and argentile 
(Ag 2 S) after stiver, 

Pseudomorphs resultmg from the loss of material are not common. 



Fig 10 — ^Alteration of Olivine into Ser- 
pentine The alteration is proceeding 
from the surface of the crystal and 
from surfaces of cracks that traverse 
It The black specks and streaks 
represent magnetite formed dunng the 
process {After Tsekermak ) 
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They are caused by the abstraction of one or more of the constituents 
of a compound 

Illustration Native copper after cupnte (CU2O) 

The greater number of partial pseudomorphs are formed by the sub- 
stitution of some of the components of the original mineral by a new 
material 

Illustrations Limonite (Fe403(0H)6) pseudomorphs after siderite 
(FeCOs) may be formed by the following reaction 

4FeC03+20+3H20=4C02+Fe403(0H)6 

Cerussite (PbCOs) may be formed from galena (PbS), thus 

PbS+40+Na2C03 = PbC03+Na2S04 

Replacement Pseudomorphs. — Often the entire substance of a 
mmeral is replaced by new material, so that no trace of its original 
matter remains In this case the nature of the pseudomorphed min- 
eral can be discovered only from the form of the pseudomorph 

Illustrations Quartz (S1O2) after calcite (CaCOa) and gypsum 
(CaS04 2H2O) after halite (NaCl) 

Mechanical Pseudomorphs. — ^The processes described above as 
originatmg pseudomorphs are chemical, and the resulting pseudomorphs 
are sometimes designated chemical pseudofnorphs There is another 
class of pseudomorphs, however, in which the substance of a crystal 
has not been replaced gradually by the pseudomorphing substance 
In this class the pseudomorphing substance simply fills a mold left by 
the solution of some preexisting crystal Thus, if a sulphur crystal 
should become encrusted with a coatmg of barite (BaS04) and the 
temperature should rise until the sulphur melts and escapes, there 
would be left a mold of itself constructed of barite If, now, a solution 
of calcium carbonate should penetrate the cavity and fill it with a deposit 
of calcite (CaCOs), the mass of calate would have the shape of a crystal 
of sulphur. Pseudomorphs of this kmd are known as mechamcal 
pseudomorphs 

Weathering. — The term weathering is applied to the sum of all the 
changes produced in mmerals by the action of the atmosphere upon 
them Although nearly all mmerals show some traces of weathering, 
these traces may often be detected only by the slight differences in color 
exhibited by surfaces that have been exposed for a long time to the 
action of the air when compared with fresh surfaces produced by frac- 
ture or cleavage. 



FORMATION OF MINERALS 


33 


The W6a,th6ring of minerals is often of great economic importance 
Veins of sulphides and a few other compounds may be oxidized where 
they outcrop on the surface Some of the decomposition products thus 
formed may be soluble and others msoluble The msoluble products 
may remain near the surface while the soluble ones are carried down- 
ward by ground water along the course of the vein Here a reaction 
may ensue between the soluble salts and the undecomposed portion of 
the vein with the result that metallic compounds may be precipitated, 
thus enriching the original vein matter and causmg it to be changed 
from a comparatively lean ore to one of great richness 

Pyrite veins on the surface are often marked by accumulations of 
limonite derived by the oxidation of the sulphide With this may be 
mixed insoluble carbonates, silicates and other salts of valuable metals 
present in the original sulphide Weathering may extend downward 
along the veins for a short distance, replacing their upper portions with 
the oxidized decomposition products This portion of a vein is often 
spoken of as the oxidized zone, and this is sometimes the richest portion 
of the vein It may be rich because less valuable substances have 
formed soluble salts and have been drained away 

Below the oxidized zone may be another zone less rich in valuable 
compounds than the oxidized zone, but much richer than the material 
below It The soluble decomposition products of the upper portion of 
the vein may percolate downward, and react with the unchanged vein 
matter, precipitating valuable metallic salts Although the origmal 
vein matter may contain an inconsiderable quantity of the valuable 
material, the precipitation in it of additional stores of material of the 
same kind may raise the percentage of this constituent to a pomt where 
It IS profitable to mine it This belt of enriched ore is known as the 
zone of secondary em ichment 

The oxidized zone extends downw^ard from the surface to a depth at 
which the atmosphere and meteoric water become exhausted of their 
oxygen — a depth which varies with local conditions The zone of 
secondary enrichment extends from the bottom of the oxidized zone 
to a short distance below the level of the ground water, beyond which 
solutions will diffuse and thus be carried away from the vem. Below 
the zone of enrichment the original vein-filhng may reach downward 
mdefinite distances 

Since many veins exhibit the features described, it follows that the 
ore of many mines must grow poorer with depth, and that m many 
instances the richest ore is near the surface 

Some of the changes mvolved in weathering and secondary enrich- 
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ment of sulphide veins in limestone are indicated by the following reac- 
tions in the case of a vein contammg pynte (FeS2), sphalerite (ZnS), 
and galena (PbS) 

(1) The first change produced at the surface may be the oxidation 
of the sulphides to sulphates 

(a) ZnS+40=ZnS04, 

(b) PbS+40=PbS04 (anglesite); 

(c) FeS2+70+H20=H2S04+FeS04 

(2) These may react with the limestone as follows 

(smithsomte) (gypsum) 

(a) ZnS044’CaC03+2H20=ZnC03 + CaS04 2H2O, 

(cerussite) (g3^sum) 

(b) PbS04+CaC03+2H20=PbC03 + CaS04 2H2O 

(3) Some of the sulphates and carbonates carried down into the un- 
altered sulphides may react with these, yielding 

(galena) 

(a) PbS04+FeS2+02=PbS+FeS04+S02, 

(galena) (siderite) 

(J) PbC03+FeS2+02=PbS + FeCOs + SO2; 

(galena) 

(c) PbS04+ZnS = PbS+ZnS04, 

(galena) (smithsomte) 

(d) PbC03+ZnS=PbS + ZnCOa 

The PbS replacmg the ZnS and deposited in the cracks in the original 
mixture of PbS, ZnS and FeS2 increases the percentage of this compound 
in the vem and thus enriches it. 

There is also an mcrease m the percentage of ZnS brought about by 
the reactions between the zinc salts (la and 2a), and the pynte, analogous 
to those between the lead salts and p3nite (3a and 36) Thus 

(sphalente) 

ZnS04H"FeS2+02 = ZnS + FeS04+S02, 

(sphalente) 

ZnC03+FeS2+02 = ZnS + FeC03+S02. 
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The zinc salts produced in reactions 3c and 3d if carried downward will 
also have the opportunity to react with the pyrite in the same way 
If the ZnS is deposited in fissures m the vein matter this will tend to 
enrich it with zinc 

The oxidized zone contains (smithsonite) ZnCOs, (anglesite) PbS04, 
(cerussite) PbCOs and (limomte) Fe2(OH)2 The ZnS04, formed also 
in the oxidized zone, is so readily soluble in water that it is leached from 
the other oxidized compounds and is carried dowTiward. 
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CHAPTER III 

INTRODUCTION— THE ELEMENTS 

Of the i,ooo or more distinct mmerals recognized by mineralogists 
only a few (some 250) are common A few are important because they 
constitute ores, others because they are components of rock masses, 
and others simply because of their great abundance Only a few miner- 
alogists profess acquaintance with more than 500 or 600 mmerals The 
majority are familiar with but 300 or 400, relying for the identification of 
the remamder upon the descriptions of them recorded in mineralogical 
treatises 

Only the minerals commonly met with and those of economic or of 
special scientific importance are described m this book They should 
be studied mth specimens before one, in order that the relation between 
the descriptions and the objects studied may be forcibly realized Min- 
eralogy cannot be studied successfully from books alone It is primarily 
a study of objects and consequently the objects should be at hand for 
mspection ^ 

Mineral Names. — ^The names of the great majority of minerals end 
in the terimnation “ite ” This is derived from the ancient Greek suffix 
“itis” which was always appended to the names of rocks to signify that 
they are rocks The first portion of the name, to which the suffix is 
added, either describes some quality or constituent possessed by the 
mineral, refers to some common use to which it has been put, indicates 
the locality from which it was first obtained, or is the name of some 
person mtended to be complimented by the imneralogist who first 
described the nuneral bearmg it 

^ Collections of the common mmerals m specimens large enough for convenient 
study may be secured at small cost from any one of the mineral dealers whose 
addresses may be found m any mmeralogical journal 
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The following examples taken from Dana illustrate some of these 
principles The mineral hemahte (Fe203) is so named because of the red 
color of Its powder, chlonte (a complicated silicate), because of its green 
color, sidente (FeCOs), from the Greek word for iron, because it con- 
tains this metal, magnetite (Fe304) after Magnesia in Asia, goethte 
(FeO(OH)) after the poet Goethe 

The names of a few minerals end in ''me,’' "ane,” '‘ase,” '‘ote,” etc , 
but the present tendency is to ha\ e them all end m "ite ” Occasionally, 
the same mineral may have two names This may be due to the fact 
that it was discovered by two mineralogists workmg at the same time 
in different places, or it may be due to the fact that the mineralogists of 
different countries prefer to follow different precedents set by the old 
mineralogists of their respective nationalities For example, the mm- 
eral (Mg Fe)2Si04 is called ohvine by the Germans and by most Enghsh- 
speaking mineralogists, and peridot by the French The Germans follow 
the German mineralogist Werner, who first used the name ohMne m 
1789, while the French follow the French teacher Hauy, who proposed 
the name peridot in 1801 


ELEMENTS 

The elements that occur in nature are few m number, and these, 
with rare exception^, do not occur m great abundance They may be 
separated mto the foUowmg groups the carbon group, the sulphur 
group, the arsenic group, the silver group, and the platmum-iron 
group Some of these comprise only a smgle mineral, while others 
comprise six or seven Only a portion of these are descnbed 

THE NON-METALS AND METALLOIDS 

CARBON GROUP 

The carbon group embraces several minerals of which one is dia- 
mond, another is an amorphous black substance known as schungite, 
and the other two are apparently but different forms of graphite 
The element may thereupon be regarded as trimorphous Diamond 
and graphite are both important. 

Isometric (hextetrahedral) Hexagonal (ditrigonal scalenohedral) 

Diamond Graphite 

Diamond (C) 

The diamond is usually found m distmct crystals or m irregular 
masses, varying m size from a pm’s head to a robm’s egg In some 
cases large individual pieces are found but they are exceedmgly rare 
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The largest ever found, 



Fig II — Etch Figures on 
Cubic Face of Diamond 
Crystal {After Tscher- 
mak ) 


known as the Cullman diamond (Fig i6), 
weighed 3,024! carats or 621 grams, or i 37 lb , 
and measured 112x64x51 It was cut 

into nine fine gems and a number of smaller 
ones (Fig 17) 

In composition the diamond is pure car- 
bon, but It IS a form of carbon that is not 
Ignited and burned at low temperatures At 
high temperatures, however, especially when 
m the presence of oxygen, it burns freely 
with the production of CO2, and, in the case 
of opaque varieties, a little ash 

Its crystallization is isometric (hextetra- 


hedral class), and the forms on the crystals often appear to be tetra- 


hedrally hemihedral, although the 
etch figures on cubic faces suggest 
hexoctahedral symmetry (Fig ii). 
Octahedrons, tetrahedrons, icositet- 
rahedrons and combinations of these 
forms are common, and m nearly all 
cases the interfaaal edges are rounded 
and the crystal faces curved Some- 
times this curvmg is so pronounced 
that the individuals are practically 
spheres (Fig 12) Twins are com- 
mon with O(iii) as the twmnmg 



plane (Fig 13), 

The cleavage of diamond is per- 
fect parallel to the octahedral face. 


Fig 12 — Crystal of Diamond with 
Rounded Edges and Faces {Krantz ) 


This IS an important characteristic, as the lapidary makes use of it 



Fig 13 — Octahedron of 
Diamond Twinned 
about O(iii) 


so-called white stones 


m the preparation of stones for cutting Its 
fracture is conchoidal Its specific gravity is 
3 52 and its hardness greater than that of any 
other known substance Most diamonds are 
dark and opaque, or, at most, translucent, but 
many are found that are transparent and color- 
less or nearly so Gray, brown, green, yellow, 
blue and red tinted stones are also known, and, 
with the exception of the blue and red diamonds, 
these are more common than the colorless, or 
The luster of all diamonds is adamantine, and 
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their index of refraction Is very high, w=2 4024 for red rays, 2 4175 for 
yellow rays, and 2 4513 for blue ra^s In consequence of their strong 
dispersion, the reflection of light from the inner surfaces of transparent 
stones IS very noticeable, causing them to sparkle brilliantly, with a 
handsome play of colors It is this latter fact and the great hardness 
of the mineral that make it the most valuable of the gems The mmeral 
IS a nonconductor of electricity 

Three varieties of the diamond have recei\ed distinct names in 
the trade These are 

Gem diamonds, which are the transparent stones, 

Borty or Bortz, gray or black translucent or opaque rounded masses, 
with a rough exterior and the structure of a crystalline aggregate, and 
Carbonado, black, opaque or nearly opaque masses possessmg a 
crystalline structure, but no distinct cleavage 

The only minerals with which diamond is liable to be confused 
are much softer, and, consequently, there is little difficulty m dis- 
tinguishing between them 

Syntheses — Small diamonds have been made by fusmg m an 
electric furnace metallic iron contammg a small quantity of carbon and 
cooling the mass suddenly in a bath of molten lead They have also 
been made by heating in the electnc arc pulverized carbon on a spiral 
of iron wire immersed m hydrogen under a pressure of 3,100 atmospheres 
A third method, which resulted m the production of tmy octahedrons, 
consisted m meltmg graphite in olivine, or m a mixture of silicates 
having the composition of the South African blue ground,” with 
the addition of a little metallic aluminium or magnesium 

Occurrence a^id Origin — ^Diamonds are found (i) m clay, sand 
or gravel deposits or in the rocks formed by the consolidation of these 
substances, where they are associated with gold, platinum, topaz, 
garnet, tourmaline and with other mmerals that result from the decom- 
position of granitic rocks, (2) in a basic igneous rock contammg frag- 
ments of shale (a consolidated mud) and (3) small diamonds have been 
discovered in meteorites 

The manner of origin of diamonds has been a subject of contro- 
versy for many years The most popular theory ascribes the diamonds 
m igneous rocks to the solution of organic matter m the rock magmas 
and the crystallization of the carbon upon coolmg Another theory 
regards the carbon as an original constituent of the magma. The 
diamonds in sand, sandstone, granite, etc , are believed to have been 
transported from their original sources and deposited m river channels 
or on beaches. 
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Localities — ^The principal localities from which diamonds are obtained 
are the Madras Presidency in India, the Province of Mmas-Geraes in 
Brazil, the Island of Borneo, the valleys of the Vaal and Orange 
Rivers, and other places in South Africa, and the valley of the Mazaruni 
River and its tributaries in British Guiana Recently diamond fields 
have been discovered in New South Wales, Australia, in the \ alley of 
the Kasai River in the Belgian Kongo, in Arkansas, and in the Tula- 
meen district, British Columbia 

In the United States a few gem diamonds have been found from 
time to time in Franklin and Rutherford counties m North Carolina, 
m the gold-bearing gravels of California, and in soils and sands in the 
states of Alabama, Virginia, Wisconsin, Indiana, Ohio, Idaho an^ 
Oregon A stone (the Dewey diamond) found near Richmond, Virginia, 
a few years ago is valued at $300 or $400 

The principal source of diamonds and carbonado in Brazil at the 
present time is Bahia, where the mineral occurs m a friable sandstone 
along river courses The output of this region has decreased so greatly 
in the last few years that although a mass of carbonado weighing 3,073 
carats (the largest mass of diamond material ever found) was obtained 
m 1895, the price of this impure diamond rose from $10 50 per carat 
m 1894 to $36 00 per carat in 1896 and $85 00 per carat for the best 
quality in 1916 

The only diamond field of prominence in the United States is that 
which has recently been exploited near Murfreesboro in Arkansas, where 
the conditions are similar to those existing in South Africa The dia- 
monds occur in a basic igneous rock (peridotite) that cuts through sand- 
stones and quartzites The peridotite is weathered to a soft earth or 
“ ground ” m which the diamonds are embedded Up to the end of 
1914 over 2,000 diamonds had been found, mostly small stones weighing 
in the aggregate 550 carats, valued at about $12,000 One, however, 
weighed 8§ carats and another 7I carats The rough unsorted stones 
are valued at $10 per carat Three stones that were cut were found 
to be worth from $60 to $175 per carat The district has not yet been 
sufficiently developed to prove its commercial value The diamonds 
in British Columbia occur in the same kind of rock as those m Arkansas 
The few that have thus far been found are too small for any practical 
use 

In former times the mines of India and Borneo were very produc- 
tive, the famous Golconda district m India for a long period furnishing 
most of the gems to commerce 

The African mines were opened in 1867 Since this time they 
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have been practically the only producers of gem material in the world 
It IS estimated that the quantity of uncut diamonds yielded by the 
mines near Kimberly alone have amounted m value to the enormous 
sum of $900,000,000 The output of the African mmes m 1913 was 
sold for about $53,000,000, being over 95 per cent of the world's out- 
put of gem material Of this amount about $9,000,000 worth of stones 
were furnished by German Southwest Africa, the balance by the 
Union of South Africa The diamonds are found in a pendotite which 
occurs in the form of volcanic necks, or “ pipes," cutting carbonaceous 
shales The igneous rock is much weathered to a soft blue earthy mass 
known as blue earth " Near the surface where exposed to the action 
of the atmosphere the earth is yellow The diamonds are scattered 
through the weathered material in quantities amountmg to between 
3 and 6 carat per cubic yard 

Extraction — ^Where the diamond occurs m sand and gravel it is ob- 
tained by washing away the lighter substances 

In South Africa and Arkansas the mineral is found m a basic volcanic 
rock which weathers rapidly on exposure to the air The weathered 
rock is mined and spread on a prepared ground to weather When suf- 
ficiently disintegrated water is added to the mass and the mud thus 
formed is allowed to pass over plates smeared with grease The dia- 
monds and some of the other materials adhere to the grease, but most 
of the valueless material is carried off by the water 

Uses — ^Transparent diamonds constitute the most valuable gems 
in use Perfectly white stones, or those possessing decided tmts of red, 
rose, green or blue are the most highly prized They are sold by 
weight, the standard being known as the carat, which, until recently, 
was equivalent to 3 168 grains or 205 milligrams At present the metric 
carat is in almost universal use This has a weight of 200 milhgrams 
The price of small stones depends upon their color, brilliancy and size — 
a perfectly white, brilliant, cut stone weighing one carat, bemg valued 
at about $175 00 As the size increases the value increases in a much 
greater ratio, the price obtained for large stones dependmg almost solely 
upon the caprice of the purchaser 

Nearly all the gem diamonds put upon the market are cut before 
being offered for sale The chief centers of diamond cuttmg are Ant- 
werp and Amsterdam in the Old World and New York m America 
The favorite cuts are the brilliant and the rose For the former only 
octahedral crystals, or those that will 3aeld octahedrons by cleavage, 
are used, for the rose cut distorted octahedrons or twinned crystals 
In producing the “brilliant" a portion of the top of an octahedron is cut 
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off and a small portion of the bottom On the remainder are cut three 
or four bands of facets running horizontally around the stone (see Fig 14) 
The “rose” has a flat base surmounted by a pyramidal dome consisting 
of 24 or more facets In late years the shapes into which diamonds arc 
cut have been determined less by the decrees of fashion and more by the 

desire to sa\e as much ma- 
terial as possible, and, conse- 
quently, irregularly shaped cut 
diamonds are much more 
common than formerly (com- 
pare Fig 17). 

Diamonds are employed 
also as cutting tools Small 
fragments, or splinters of gem 
quality, are used for cutting 
and polishing diamonds and 
other gems, and small crystals 
with crystal edges for cutting 
glass Small cleavage pieces 
are utilized in the manufacture of engravers’ tools and writing instru- 
ments Recently diamonds with small holes of from 008 to 0006 of an 
mch drilled in them, have been employed as wiie dies 

Bort IS also used as a polishing and cutting material, while carbonado, 
nearly all of which comes from Brazil, is used in the manufacture of 
boring instruments Diamond drills consist of hollow cylinders of soft 
iron set at their lower edges with 6, 8 or 12 black diamonds By rapid 
revolution of this a “core” may be cut from the hardest rocks 

Some Famous Diamonds — ^The largest diamond ever found — the Cull- 
man— was picked up at the Premier Mine (Fig 15) m the Transvaal in 
January, 1905, and was presented to King Edward of England as a birth- 
day gift m 1908 (Figs 16 and 1 7 ) It weighed about 3,02 5 carats (about 
I 37 pounds) The ne\t largest was found in June, 1893, at the Jagers- 
fontem mine It is known as the Excelsior It weighed m its natural 
state 971 carats and was 3 inches long in its greatest dimension It was 
valued at $2,000,000 It is Said to have been presented by the Presi- 
dent of The Orange Free State to Pope Leo XIII The third largest 
stone is the Reitz It is a 640-carat stone found at the same mine during 
the close of 1895 This, though smaller, is said to be handsomer than the 
Excelsior The most noted diamond in the world is the Kohinoor, which 
weighed, before cutting, 186 carats It is now a brilliant of 106 carats, 
belonging to the crown of England Other famous diamonds aie the 


Bose 









Orona BaeJe. or Pavilion 

Step or Trap 



Crown 


Pavihon, or Base Side View 
Brilliant 

Fig 14 — Pnncipal “ cuts ” of Diamonds 
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Flo 15, — Premier Diamond Mmes in South Africa (After 



P’lG 16— The Cullman Diamond. (Natural aze) 
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Fig 17 — Gems Cut from the Cullinaii Dumond (Two-lifthb nut si/t ) 


Orlov, 193 carats, the property of Russia, the Regent or Pitt diamond 
of 137 carats belonging to France, the Green diamond of Dresden, 

weighing 48 carats, and the Blue 



Fig 18 — ^The Tiffany Diamond (Nat- 
ural size ) {Kmdfiess of Tiffany ^ Co) 


Hope diamond, weighing 44 carats 
The Star of the Soulh,^’ foimd in 
Brazil, w'eighcd 254 carats bcfoic 
cutting and 125 afterward The 
Victoria diamond from one of the 
Kimberly mines weighed 457 carats 
when found It has been cut to a 
perfect brilliant of t8o carats valued 
at $1,000,000 The Tiffany dia- 
mond (Fig 18) now owned in New 
York IS a double bnUiant of a 
golden yellow color weighing 128J 
carats (25 702 grams) and valued at 
$100,000 When It IS remembered 
that a five-carat stone is large, the 


enormous proportions of the above-named gems are better appreciated. 


Graphite (C) 

Graphite, or plumbago, occurs principally in amorphous masses of a 
black, clayey appearance, m radiated masses, m brilliant lead black 
scales or plates, and occasionally m crystals with a rhombohedral habit 
Like diamond, graphite consists of carbon Crystals from Ceylon 
yield C=794o, Ash=i5 50, Volatile matter=s lo- The mineral is 
often impure from admixture with clay, etc. 
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Crystals of the material ar«e so rare that their symmetry’ is still m 
doubt Their habit is hexagonal (ditngonal scalenohedral class) 
Measurements made on the interfacial angles of crystals from Ticon- 
deroga, New York, gave a c=i i 3S59 These possess a rhombo- 
hedral symmetry All crystals are tabular and nearly all are so distorted 
that the measurements of their interfacial angles cannot be depended 
upon for accuracy They apparently contain the planes R(ioTi), 
oP(l 6 oo), CC P2(lI20), and 2P2(lI2l) 

Graphite is black and earth} , or lustrous, accordmg as it is impure 
or pure It is easily clea\ able parallel to the basal plane and the cleav- 
age laminae are flexible It is ycry soft, its hardness bemg only 1-2, 
its density about 2 25 Its luster is metallic and the mmeral is opaque 
even in the thinnest flakes It is a conductor of electricity 

Graphite is infusible and noncombustible even at moderately high 
temperatures Like diamond, ho\\ever, it may be burned under cer- 
tain conditions at \ ery high temperatures (65o°-7oo°) It is unaffected 
by the common acids and is not acted upon by the atmosphere 
When, howe\er, it is subjected to the action of strong oxidizing agents, 
such as a ^^arm mixture of potassium chlorate (KCIO3) and fummg 
nitric acid, it changes to a }ello\\ substance kno^^n as graphitic acid 
(C11H4O-J) It IS thus distinguished from amorphous carbon, like 
schungite and anthacite Moreo\er, man} forms of graphite, when 
moistened with fuming nitric acid and heated, swell up and send out 
w^orm-hke processes Those which do not act thus are called grapkitite 
Natural graphite is of both types 

Its color, softness and mfusibility seiw'e to distinguish graphite from 
all other minerals but molybdemte (p 75) It ma} be distinguished from 
this mineral hy the fact that it contains no sulphur 

Syntheses — Crystalline graphite is made on a commercial scale 
by treating anthracite coal or coke containing about 5 75 per cent of 
ash in an electric furnace It also separates when molten iron con- 
taining dissolved carbon is cooled 

Occurrence and Origin — Graphite occurs as thm plates and scales 
in certain igneous rocks, m gneisses, schists and limestones, as large 
scales in coarse granite dikes (pegmatite) and m cr}"stallme limestones, 
and as amorphous masses at the contacts of igneous rocks with carbona- 
ceous rocks The mmeral is also found m vems cuttmg sedimentary 
and metamorphic rocks Crystals are found only m limestone 

The occurrence of graphite m sedimentary and igneous rocks sug- 
gests that it may have been formed in several ways It is thought 
that the material in limestone and quartz-schist may represent carbo- 



46 


DESCRIPTIVE MINERALOGY 


naceous material that was deposited with the sediments and which has 
since been carbonized by heat and pressure The material in peg- 
matite may be an original constituent of the magma that produced the 
rock, and the graphite may be the product of pneumatolytic processes, 
1 c , It may have been produced by deposits from vapors that accom- 
panied the formation of the pegmatite If this be true, the mineral 
found in metamorphosed limestone and schist may be of contact origin, 
1 e , it may have been produced by the migration of gases and solutions 
from Igneous rocks into the mass of the surrounding sediments The 
vein deoosits probably had a similar origin, the mineral having been 
deposited mainly in cracks traversing metamorphic rocks On the 
other hand, graphite, in some mstances, appears to be a direct separa- 
tion from a molten magma 

Localities — ^The principal foreign source of supply for commercial 
graphite is the Island of Ceylon In the United States the mineral has 
been mined on the southeast side of the Adirondacks in New York, 
in Chester County, Pennsylvania, near Dillon, Montana, at several 
points in Arkansas, Georgia, Alabama and North Carolina, m Wyo- 
ming, in Baraga County, Michigan, and to a small extent in Colorado, 
Nevada, and Wisconsin It occurs also abundantly at many other 
places Its chief source in the United States is Graphite, near Lake 
George, New York 

Preparation — Graphite is obtained on a commercial scale hy grind- 
ing the rock containing it and floating the graphite flakes 

Uses — Crude graphite, or plumbago, is used m the manufacture of 
stove and other polishes, and of black pamt foi metal surfaces, for both 
of which it IS especially valuable on account of its noncorroding propei- 
ties The purified mineral is mixed with clay and made into crucibles 
for use at high temperatures It is also ground and used m this form 
as a lubricant for heavy machinery, and is compressed into black lead ” 
centers for lead pencils 

Production —The quantity of crude graphite mined in the United 
States during 1912 amounted to 2,445 tons, valued at $207,033, besides 
which there were manufactured 6,448 tons, valued at $830,193. The 
imports were 25,643 tons, valued at $709,337 

Schtmglite is a black, amorphous carbon with a hardness of 3-4 
and a sp gr. of i 981 It is soluble m a mixture of HNO3 and KCIO3 
without the production of graphitic acid. It occurs m some crystalline 
schists. 
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SULPHUR GROUP 

Sulphur IS known in at least slx different forms, four of which are 
crystalline The two best known forms crystallize respectively m the 
orthorhombic (orthorhombic bipyramidal class) and the monoclmic 
(prismatic class) systems The former separates from solutions of sulphur 
in carbon bisulphide and the latter separates from molten masses 
Both the orthorhombic and the monoclmic phases are believed to be 
formed by natural processes, but the latter passes over into the former 
upon standmg, so that its existence as a mmeral cannot be defimtely 
proven Selenium and tellurium, which are also members of the sul- 
phur group, are extremely rare Tellurium occurs in rhombohedral 
crystals and selenium in mixed crystals of doubtful character with 
sulphur and tellurium 

Sulphur (S) 

Sulphur occurs in nature as a lemon-colored powder, as spherical or 
globular masses, as stalactites and m crystals 

Chemically it is pure sulphur, or a mixture of sulphur and clay, 



Fig 19 Fig 20 

Fig IQ — Sulphur Crystals with P, iii {p), 3^* ^3 oii («)» and oP, 

ooi (c) 

Fig 20 —Distorted Crystal of Sulphur (Forms same as m Fig. iq ) 

bitumen or other impurities. It sometimes contams traces of tellu- 
rium, selenium and arsenic 

Crystals of sulphur are usually well formed combmations of ortho- 
rhombic bipyramids and domes, with or without basal terminations. 
Their axial ratio = 8io8 * i i 9005 The prmcipal forms observed 
are P(iii), P^(ioi), Po6(oii), iP(ii3) and oP(ooi) (Figs 19 and 
20) The habit of the crystals is usually p3n:amidal, though crystals 
with a tabular habit are quite common 

Crystals of sulphur are yellow Their streak is light lemon yellow. 



48 


DESCRIPTIVE MINERALOGY 


The mineral has a resinous luster Its hardness is only i 5-2, and 
density about 204 Its fracture is conchoidal and cleavage imper- 
fect It is transparent or translucent, is brittle and is a non- 
conductor of electricity Its mdices of refraction for sodium light 
area: = i 9579, /3=2 0377, 7 = 2 2452 

Massive sulphur varies m color from yellow to yellowish brown 
greenish gray, etc , according to the character and amount of impurities 
it contains Its powder is nearly always crystalline In mass it pos- 
sesses a lighter color than the crystals or the massive sulphur 

At a temperature of 114° sulphur melts, and at 270° it ignites, 
burnmg with a blue flame and evolvmg fumes of SO2 At about 97*^ 
it passes over mto the monoclmic phase It is insoluble in water and 
acids, but is soluble m oil of turpentine, carbon bisulphide and chlo- 
roform 

There are few minerals that are apt to be mistaken for sulphur. 
From all of them it may be distinguished by its brittleness and by the 
fact that It melts readily and burns with a nonluminous blue flame 
Syntheses — Crystals with the form of the mineral are produced by 
the evaporation of solutions of sulphur m carbon bisulphide, and also 
by subhmation from the fumes of ore roasters 

Occurrence and Ongin — Sulphur occurs most abundantly m regions 
of active or extinct \olcanoes, and in beds associated with limestone 
and gypsum (CaS04 2H2O) In volcanic regions it is produced hy 
reactions between the gases emitted from the volcanoes, or by the reac- 
tions of these with the oxygen of the air (seep 18) The deposits in 
gypsum beds may result from reduction of the gypsum by organic 
matter. Sulphur is formed also as a decomposition product of sulphides 
In Iceland and other districts of hot springs sulphur is often deposited 
in the form of powder as the result of reactions similar to those that 
take place between the gases of volcanoes These hot springs are always 
connected with dying volcanoes, being frequently but the closing 
stages of their existence 

LocahUes — ^The locahties at which sulphur is known to exist are 
very numerous Those of commercial importance are Girgenti m Sicily, 
Cadiz in Spam, Japan, and m the United States, at the geysers of the 
Napa Valley, Sonoma County, and at Clear Lake, Lake County, 
California, at Cove Creek, Millard County, Utah, at the mines of the 
Utah Sulphur Company in Beaver County, in the same State, at 
Thermopohs, Wyoming, and at vanous hot springs in Nevada The 
mineral occurs also abundantly in the Yellowstone National Park, but 
cannot be placed on the market because of high transportation charges 
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Its principal occurrence m the United States is at Lake Charles in 
Calcasieu Parish, La , where it impregnates a bed of limestone at 
a depth of from 450 to 1,100 feet It occurs also abundantly m the 
coastal districts of Texas Here it is associated with g}"psum 

Extraction — Sulphur, when mmed, is nuxed with clay, earth, rock and 
other impurities Until recently it was purified by piling in heaps and 
ignitmg A portion of the sulphur burned and melted the balance, 
which flowed off and was caught A purer product is obtamed by dis- 
tillation “Flowers of Sulphur” are made in this way At present 
much of the sulphur is extracted by treating the impregnated rock m 
retorts with steam under a pressure of 60 pounds and at a temperature 
of 144® C The sulphur melts and flo^ws to the bottom of the retorts 
from which it is drawn off 

In Louisiana and Texas, superheated steam is forced downward mto 
the sulphur-impregnated rocks. This melts the sulphur, which con- 
stitutes about 70 per cent of the rock mass The melted sulphur is 
forced to the surface and caught m wooden bins The crude matenal 
has a guaranteed content of over 99J per cent sulphur 

Uses — Sulphur, or brimstone, is used m the manufacture of some 
kmds of matches, m makmg gunpow’der, and m Milcanizmg rubber 
to mcrease its strength and elasticity It is used extensively m the 
manufacture of sulphuric acid, but is rapidly giving way to pxTite 
for this purpose It is also utilized for bleachmg straw, m the man- 
ufacture of certain pigments, among ■v\hich is vermihon, and m the 
preparation of certam medicinal compounds 

Production — Most of the domestic product is at present from the 
Calcasieu Parish, La , where about 300,000 tons are mmed annually. 
New mmes have been opened near Thermopolis m Wyoming, in Bra- 
zoria County, Texas, and at Sulphur Sprmgs, Ne\ada. The total 
amount of the mineral mmed in 1912 was 303,472 tons, valued at $5,256,- 
422 Besides, there were imported about 29,927 tons valued at $583,974, 
most of which came from Japan Sicily is the largest producer of the 
min eral, extractmg about 400,000 tons annually. 

ARSENIC GROUP 

The arsemc group comprehends metallic arsenic^ antimony^ bismuth 
and (accordmg to some mmeralogists), telkmnm, besides compounds 
of these metals with each other They all crystaUize in the rhombo- 
hedral division of the hexagonal system (ditrigonal scalenohedral class). 
The only members of the group that are at all common are arsenic and 
antimony 
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Arsenic (As) 

Arsenic is rarely found in crystals It usually occurs massive or in 
botryoidal or globular forms 

Specimens of the mineral are rarely pure They usually contain 
some antimony, and traces of iron, silver, bismuth, and other metals 

The crystals are cubical in habit, with an axial ratio of i . i 4025 
The principal forms observed are oR(oooi), R(ioTi), JR(ioT4), 
— |R(oii2) and ---|R(o332) Twms are rare, with — |R(oil2) the 
twmning plane 

Arsenic is lead-gray or tm-white on fresh fractures, and dull gray or 
nearly black on surfaces that have been exposed for some time to the 
atmosphere 

Crystals cleave readily parallel to the base The fracture of massive 
pieces IS uneven The mineral is brittle Its hardness is 3 5 and its 
density 5 6-5 7 Its streak is tin-white tarnishing soon to dark gray 
It is an electrical conductor 

Arsenic may easily be distinguished from nearly all other minerals, 
except antimony and some of the rarer metals, by the color of its fresh 
surfaces From these, with the exception of antimony, it is also readily 
distinguished by its action on charcoal before the blowpipe, when it 
volatilizes completely without fusmg, at the same time tmgeing the 
flame blue and giving rise to dense white fumes of AS2O3, which coat the 
charcoal The fumes of arsenic possess a very disagreeable and oppres- 
sive odor, while those of antimony have no distinct odor 

Syntheses — ^Arsenic has been obtained in crystals by subliming 
arsemc compoimds protected from the air It has also been obtained m 
the wet way by heating realgar (AS2S3) with sodium bicarbonate at 
300° C 

Occurrence and, Origm — ^Arsenic often accompanies ores of antimony, 
silver, lead and other metals m vems in crystalline rocks, especially in 
their upper portions, where it was formed by reduction from its com- 
pounds 

Locahhes — ^The silver mines at Freiberg, and other places m Saxony 
afford native arsenic in some quantity It is found also in the Harz, at 
Zmeov in Siberia, in the silver mines of Chile and elsewhere. 

Withm the boundaries of the United States arsenic occurs only in 
small quantity at Haverhill, N H , at Greenwood, Me , and at a silver 
and gold mine near LeadviUe, Colo 

Uses — ^Arsenic is used only m the forms of its compounds The 
native metal occurs too sparmgly to be of commercial importance. 
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Most of the arsenic compounds used m commerce are obtained from 
smelter fumes produced by smeltmg arsenical copper and gold ores 

Antimony (Sb) 

Antimony is more common than arsenic, which it resembles in many 
respects It is generally found in lamellar, radial and botr\’oidal masses, 
though rhombohedral crystals are known 

Most antimony contains arsenic and traces of silver, lead, iron and 
other metals 

Its crystals are rhombohedral or tabular in habit, and have an axial 
ratio of . I 3236 The forms observ'ed on them are the same 

as those on arsenic with the addition of ooP2(ii2o), and several 
rhombohedrons Twmning is often repeated The cleavage is perfect 
parallel to oP(oooi) 

Antimony exhibits brilliant cleavage surfaces vnth. a tin-white color 
On exposed surfaces the color is dark gray The mineral differs from 
arsenic m its greater density which is 6 65-6 72, and m the fact that it 
melts (at 629°) before volatihzmg Its fumes, moreover, are devoid of 
the garhc odor of arsenic fumes 

Syntheses — Cr}"stals of antimony are often obtained from the flues of 
furnaces in which antimomal lead is treated. They have also been 
made by the reduction of antimony compounds by hydrogen at a high 
temperature 

Occurrence and Locahkes — Antimony occurs in lamellar concretions 
m limestone near Sala, Sweden, and at nearly all of the arsenic locahties 
mentioned above, especially in vems containmg stibmte (Sb2S3) or silver 
ores It IS found also in fairly large quantities m vems near Fredericton, 
York County, New Bruns^Mck, in California and elsewhere 

Uses — ^Although the metal antimony is of considerable importance 
from an economic point of view, bemg used largely m alloys, the native 
mmeral, on account of its rarity, enters httle mto commerce Some of 
the antimony used m the arts is produced from its sulphide, stibnite 
(see p 72) Most of the metal, however, is obtained m the form of a 
lead-antimony alloy m the smeltmg of lead ores and the refinmg of pig 
lead 

Bismuth (Bi) is usually m foliated, granular or arborescent forms, 
and very rarely m rhombohedral crystals, with a . £:=i ‘ i 3036 It is 
silver-white with a reddish tmge, is opaque and metallic Its streak is 
white, Its hardness 2-2 5 and density 98 It fuses at 271*^. On charcoal 
it volatilizes and gives a yellow coatmg It dissolves m HNO3 When 
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t b^s solution IS diluted a white precipitate results The mineral occurs 
in veins with ores of silver, cobalt, lead and zinc It is of no commercial 
importance Most of the metal is obtained in the refining of lead In 1913 
the United States produced 185,000 lbs and Bolivia about 606,000 lbs 

Tellurium (Te) usually occurs in prismatic crystals with a tin-white 
color and in finely granular masses in veins of gold and silver ores, 
especially sulphides and tellurides Its hardness is 2 and density 6 2 
Before the blowpipe it fuses, colors the flame green, coats the charcoal 
with a white sublimate bordered by led, and yields white fumes 

The mineral tellurium is of little value as a source of the metal 
Most of that used m the arts is obtained as a by-product in the elec- 
trolytic refining of copper made from ores containing tellurides and 
from the flue dust of acid chambers and smelting furnaces The United 
States, in 1913, produced about 10,000 lbs of tellurium and selenium, 
valued at $3 «), 000 


THE METALS 

The metallic elements occur as minerals m comparatively small quan- 
tity, most of the metals used in the industries being obtained from their 
compounds Iron, the most common of all the metals used in com- 
merce, IS rare as a mineral, as are also lead and tin Silver, copper, gold 
and platinum are sufficiently important to be included m our list for 
study Gold and platmum are known almost exclusively in the metallic 
state A large portion of the copper produced in this country is also 
native, and some of the silver 

Silver, copper, lead, gold, mercury and the alloys of gold and mer- 
cury crystalhze in distinct crystals belonging to the isometric system 
(hexoctohedral class) Platmum, as usually found, is m small plates 
and grains Crystals, however, have been described and they, too, are 
isometric Platinum and iron are separated from the other metals and, 
together with the rare alloys of platmum with indium and osmium, are 
placed m a distinct group which is dimorphous The reason for this is 
that platmum, although isometric m crystallization, often contains 
notable traces of indium, which m its alloy with osmium is hexagonal 
(rhombohedral) Indium, thus, is dimorphous, hence platmum which 
forms crystals with it and is, therefore, isomorphous with it, must also 
be regarded as dimorphous The various platinum metals thus com- 
pnse an isodimorphous group Iron is placed in the same group because 
It is so frequently alloyed with platinum The metals are, therefore, 
divisible into two groups, one of which comprises the metals named at 
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the beginning of this paragraph and the other consists of the rare metals, 
palladium, platmum, iridium, osmium, iron and their alloys The 
metal tin, which is tetragonal m its native condition, constitutes a third 
group, but smce it is extremely rare it will not be referred to agam 


GOLD GROUP 

This group embraces the native metals, copper, silver, gold, gold- 
amalgam (Au Hg), silver-amalgam (Ag Hg), mercury, and leal All 
crystallize in the isometric system (hexoctahedral class), and all form 
twms, with O(iii) the twmning plane Copper, silver and gold are 
the most important 

Copper (Cu) 

Most of the copper of commerce is obtained from one or the other of 
its sulphides A large portion, however, is 
found native This occurs in tiny grains and 
flakes, in groups of crystals and m large 
masses of irregular shapes 

In spite of Its softness copper is better 
crystallized than either gold or silver It is 
true that its crystals are usually flattened and 
otherwise distorted, but, nevertheless, planes 
can very frequently be detected upon them 
The principal forms observed are oo 0 oo (loo), 

00 O(iio), O(iii), and various tetrahexahedra 
and icositetrahedra. (Figs. 21 and 22 ) Some- 



Fig 21. — Copper Crystal 
with soO, no (<0 and 
2O =0 , 210 {h). 



Fig. 22. — Crjrstal of Copper from Keweenaw Pomt, 
Mich , with ooO(iio) and 202(211) 


times the crystals are sim- 
ple, in other cases they are 
twmned parallel to O 
Often they are skeleton 
crystals Groups of crys- 
tals are very common 
These possess the arbo- 
rescent forms so frequently 
seen m specimens from 
Keweenaw Pomt m Mich- 
igan, or are groupings of 
simple forms extended m 
the direction of the cubic 


axes. 

Cbpper is very ductile and very malleable Its hardness is only 
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2 5-3 and Its density about 8 8 It possesses no cleavage, and its frac- 
ture, like that of the other metals, is hackly In color it is copper-red 
by reflected light, often tarnishing to a darker shade of red In very 
thin plates it is translucent with a green color The metal fuses at 
1083® and easily dissolves m acids It is an excellent conductor of elec- 
tricity 

Its most characteristic chemical reaction is its solubility in nitric 
acid with the evolution of brownish red fumes of nitrous oxide gas 
Copper may easily be distinguished from all other substances except 
gold and a few oXloys by its malleability and color It is distinguished 
from gold by the color of its borax bead and by its solubility in nitric 
acid with the production of a blue solution which takes on an intense 
azure color when treated with an excess of ammonia From the alloys 
that resemble it, copper may be distinguished by its greater softness and 
the fact that it yields no coatings when heated on charcoal, while at the 
same time its solution in nitric acid yields the reaction described above 
Syntheses — Copper crystals separate upon cooling solutions of the 
metal in silicate magmas and upon the electrolysis of the aqueous solu- 
tions of Its salts 

Occurrence — ^The principal modes of occurrence of the metal are, (i) 
as fine particles disseminated through sandstones and slates, (2) as solid 
masses filling the spaces between the pebbles and boulders making up 
the rock known as conglomerate, (3) m the cavities in old volcanic lavas, 
known as amygdaloid, (4) as crystals or groups of crystals imbedded m 
the calate of vems, (5) in quartz vems cutting old igneous rocks or 
schists, and (6) associated with the carbonates, malachite and azurite, 
and with its different sulphur compounds, in the weathered zone of 
many vems of copper ores 

The copper that occurs m the upper portions of veins of copper 
sulphides is plainly of secondary origin That which occurs in conglom- 
erates and other fragmental rocks and in amygdaloids was evidently 
deposited by water, but whether by ascending magmatic water or by 
descendmg meteonc water is a matter of doubt 

Localtttes — ^Native copper is foimd m Cornwall, England, in Nassau, 
Germany, m Bolivia, Peru, Chile and other South American countries, 
m the Appalachian region of the United States and m the Lake Superior 
region, both on the Canadian and the American sides 

The most important district in the world producing native copper is 
on Keweenaw Pomt, m Michigan The mineral occurs mainly in a bed 
of conglomerate of which it constitutes from i to 3 per cent, though it is 
found abundantly also m sandstone and in the amygdaloidal cavities 
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of lavas associated with the conglomerates Veins of calcite, through 
which groups of bright copper cr\ stals are scattered are also very plentiful 
m many parts of the district The copper is nearh always mixed wnth 
silver in visible grains and patches 

Extraction and Refining — ^The rock contammg the native metal is 
crushed and the metal is separated from the useless material by wash- 
mg The concentrates, consisting of the crushed metal nuxed with 
particles of rock and other impunties are then refined by smelting 
methods or by electrolysis 

TJ ses — ^The uses of copper are so many that all of even the important 
uses cannot be mentioned m this place Both as a metal and m the form 
of its alloys it has been employed for utensils and war implements smce 
the earliest times In recent times one of its prmcipal uses has been for 
the making of telegraph, telephone and trolley wires It is employed 
extensively m electroplating by all the great newspapers and publishers, 
and IS an important constituent of the \’aluable alloys brass, bronze, 
bell metal and German silver Its compound, blue \itriol (copper sul« 
phate), IS used in galvanic batteries, and its compounds with arsenic 
are utilized as pigments 

Production — ^The wrorld’s production of copper amounted to 1,126,- 
000 tons in 1912, but a large portion of this w^as obtamed from its car- 
bonates and sulphides The quantity obtained from the native metal is 
unknown The contribution of the United States to this total was 
about 621,000 tons, valued at about $206,382,500, of which 113,000 tons 
was native copper from the Lake Superior region The largest smgle 
mass ever found m the Lake Superior region weighed 420 tons 

Sliver (Ag) 

Silver is usually found in irregular masses, in flat scales, m fibrous 
clusters, and m crystal groups with arborescent or acicular forms 
Sometimes the crystals are well developed, more frequently they ex- 
hibit only a few distinct faces, but m most cases they are so distorted 
that It IS difiicult to make out their planes 

Pure silver is unknown The mmeral as it is usually obtamed con- 
tams traces of gold, copper, and often some of the rarer metals, depend- 
ing upon its associations. 

Ideally developed silver crystals are rare They usually show 
00 O 00 (100), ooO(iio), O(iii) various tetrahexahedrons and other 
more comphcated forms The majority of the cr^’stals are distorted by 
curved faces and rounded edges, and many of them by flattening or 
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elongation The arborescent groups usually branch at angles of 6o°, 
one of the characteristic angles for groups of isometric crystals Twins 
are quite common, with O(iii) the twinning plane 

Silver is a white, metallic mineral when its surfaces arc clean and 
fresh As it usually occurs it possesses a gray, black or bluish black 
tarnish which is due to the action of the atmosphere or of solutions 
The tarnish is commonly either the o\ide or the sulphide of silvci 

The mineral has no cleavage Its fracture is hackly tl is soft 
(hardness 2-3), malleable and ductile, and is an e\ccllent conductor 
of heat and electricity Its density is about 10 5, varying slightly 
with the character and abundance of its impurities It fuses at 
960^^ 

It IS readily soluble in nitric acid forming a solution from which 
a white curdy precipitate of silver chloride is thrown down on tlie 
addition of any chloride This precipitate is easily distinguished from 
the corresponding lead chloride by its msolubility m hot water 

Synthesis — Crystals bounded by O(iii) and 00 0 00 (100) have been 
made by the reduction of silver sulphate solutions, with sulphurous 
acid 

Occurrence — ^Native silver is foimd in veins with calcitc (CaCOj)> 
quartz (S1O2), and other gangues traversing crystalline rocks, like 
granite and various lavas, and also m veins cutting conglomerates 
and other rocks formed from pebbles and sands It is also disseminated 
m small particles through these rocks It occurs invisibly disseminated 
in small quantities through many mmerals, particularly sulphides, 
and visibly intermmgled with native copper It is abundant m the upper 
weathered zones of many veins of silver-bearing ores, and in the zones 
of secondary enrichment m the same veins It also occurs m small 
quantity m placers In general, its origin is similar to that of gold 
(see p 59) 

Locahhes — The localities in which silver is found are too numerous 
to mention Andreasberg m the Harz has produced many fine crys- 
talhzed specimens The prmapal deposits now worked are at CoI)alt 
in Canada, m Peru, in Idaho, at Butte, Montana, in Arizona and at 
many places in Colorado On Keweenaw Point, in Michigan, fine 
crystals have been found in the calate veins cutting the copper-bearing 
rocks, and masses of small size in the native copper so abundant in the 
district Indeed some of the copper is so rich in silver that the ore 
was in early times mined almost exclusively for its silver content At 
present the silver is recovered from the copper in the refining process 
At Cobalt the mineral occurs in well defined veins one inch to one foot 
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or more m width, cuttmg a series of slightly inclined pre-Cambrian 
beds of fragmental and igneous rocks The \eins contain native silver, 
sulphides and arsenides of cobalt, nickel, iron and copper, calcite and a 
httle quartz Many of the vems are so rich (Fig 23J that Cobalt has 
become one of the most important camps producmg native silver m 
the world. 

Extradton and Refining — Silver is obtamed from placers m small 
quantity by the methods made use of ui obtammg gold (see p 61 
1 e , by hydrauhc mimng When it occurs m quartz veins or in complex 
ores such as constitute the oxidized portion of ore-bodies, the mass 
may be crushed and then treated with quicksilver, which amalgamates 
with the native silver and gold, fo rmin g an alloy. Such ores are knoum 


• • 'li »>■ -k' . ... - 








Fig. 23 — opiate of Sflver from Coniagas Mine Cobalt Dimensions 32 Xi4Xi 
ms Weight 37 lbs. (Photo by C W.Kmght) 

as free milling The silver is freed from the gold and other metals by 
a refinmg process. It is separated from native copper by electrol)rtic 
methods. 

Uses — Silver is used in the arts to a very large extent Jewelry, 
ornaments, tableware and other domestic utensils, chemical apparatus 
and parts of many physical mstruments are made of it It is used also 
m the production of mirrors and m the manufacture of certam compounds 
used in surgery and in photography Its alloy with copper forms the 
staple comage of Chma, Mexico and most of the South American coim- 
tries, and the subsidiary (or small) comage of most coimtries In 
the United States it is used m the coinage of silver doUars and of frac- 
tions of the dollar as small as the dime. The silver corns of the Umted 
States are nme-tenths silver and one-tenth copper, the latter metal being 
added to give hardness English coins contain i2| parts silver to one 



58 


DESCRIPTIVE MINERALOGY 


part of copper In 1912 the world's coinage of silver consumed 161,- 
763,415 02 , with a value after coinage of $171,293,000 

ProduLchon — ^The total production of silver in the United States 
during 1912 was over 63,766,000 oz , valued at over $39)i97>ooo, of 
which about $100,000 worth came from placers and $325,000 worth 
from the copper mines of Michigan The balance was obtained by 
smelting silver compounds and in the refining of gold, lead, copper and 
zme ores The world's production of silver during 1912 was 224,488,- 
000 02 , valued at over $136,937,000, but most of this was obtained 
from the compounds of silver and not from the native metal The 
proportion obtained from the mineral is not definitely known, but the 
production of Canada was more than 30,243,000 oz , valued at 
$17,672,000 and nearly all of this came from Cobalt, where the ore is 
native silver 

Gold (Au) 

A large portion of the gold of the world has been obtained in the 
form of native metal The greater portion of the metal is so very finely 
disseminated through other minerals that no sign of its presence can be 
detected even with high powers of the microscope Although present 
in such nunute quantities it is very widely spread, many rocks con- 
tammg it |ln appreciable quantities Its visible grams, as usually found, 
are little rounded particles or thin plates or 
scales mixed with sand or gravel, or tiny 
irregular masses scattered through white vem- 
quartz 

Native gold rarely occurs in well formed 
crystals The metal is so soft that its crystals 
are battered and distorted by very slight 
pressure. Occasionally well developed crys- 
tals, bounded by octahedral, dodecahedral 
and complicated icositetrahcdral and tetra- 
hexahedral faces are met with, but usually 
the crystals are elongated or flattened Skele- 
ton crystals (Fig. 24) and groups of crystals are more frequently found 
than are simple crystals. Twins are common, with O(iii) the twin- 
nmg plane 

As found in nature, gold is frequently alloyed with silver and it 
often contains traces of iron and copper and sometimes small quanti- 
ties of the rarer metals 

Gold containing but a trace of silver up to 16 per cent of this metal 



Fig 24 — Octahedral Skele- 
ton Crystal of Gold with 
Etched Faces 
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IS known simply as gold When the percentage of silver present is 
larger it is said to be argentiferous When the percentage reaches 
20 per cent cr above the alloy is called clectm r. Palladitmi, rhodium 
and bismuth gold are alloys of the last-named metal vnth the rare metals 
palladium or rhodium or with the more common bismath 

The color of the different \*arieties of the mmeral varies from pinkish 
silver-white to almost copper-red Pure gold is golden yellow With 
increase cf silver it becomes lighter in color and Tvith mcrease m copper, 
darker The rich red-yellow ot much of the gold used in the arts is due 
to the admixture ot copper In very thin plates or lea\ es ( ooi mm ) 
gold is translucent with a blue or green tint 

Gold IS soft, malleable and ductile Its luster is, of course, metallic 
and Its streak, yellow Wlien pure its density is 1943, its hardness 
between 2 and 3, and its fusing pomt 1062° The metal is msoluble m 
most acids, but it is readily dissohed in a mnxture of nitric and hydro- 
chloric acids (aqua regia) It is not acted upon by water or the atmos- 
phere Its negative properties distinguish it from the other substances 
'which It resembles in appearance It is a good conductor of electricity. 

Syntheses — Cr>"stals of gold have been obtamed by heatmg a solu- 
tion of AuCla m amyl alcohol, and by treatmg an acid solution of the 
same compoimd with formaldehyde 

Occurrence — ^Native gold is found in the quartz of veins cutting 
through granite and schistose rocks, or m the gravels and sands of rivers 
whose channels cut through these, and m the sands of beaches bordering 
gold-producmg districts It is sometimes found in the compacted 
gravels of old river beds, m a rock known as conglomerate, and m sand- 
stones It is also present in small quantities in many volcamc rocks, 
and IS dissemmated through pyrite (FeS2) and some other sulphur com- 
poimds and their oxidation products 

The gold m quartz veins occurs as grains and scales scattered through 
quartz irregularly, often m such small particles as to be mvisible to the 
naked eye, or as aggregates of crystals m ca\aties m the quartz Tynte 
IS nearly always associated with the gold. On surfaces exposed to the 
weather the pyrite rusts out and stams the quartz, leavmg it cavernous 
or cellular 

Most of the world^s supply of gold has come from placers. These 
are accumulations of sand or gravel m the beds of old river courses 
The sands of modern streams often contam considerable quantities of 
gold Many of the older streams were much larger than the modern 
ones drainmg the same regions and, consequently, their beds contain 
more gold This was origmally brought dowm from the mountains or 
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highlands in which the streams had their sources The sands and 
gravels were rolled along the streams’ bottoms and their greater portion 
was swept away by the currents into the lowlands The gold, however, 
being much heavier than the sands and pebble grains, merely rolled 
along the bottoms, droppmg here and there into depressions from which 
it could not be removed As the streams contracted in volume the gold 
grains were covered by detritus, or perhaps a lava stream flowing along 
the old river channel buried them These buried river channels with 
their stores of sands, gravels and gold constitute the placers With the 
gold are often associated zircon crystals, garnets, diamonds, topazes 
and other gem minerals Alluvial gold is usually in flattened scales or 
m aggregates of scales formmg nuggets Some of the nuggets are so 
large, 190 pounds or more in weight, that it is thought they may have 
been formed by some process of cementation after they were transported 
to their present positions 

The gold-quartz veins are usually closely associated with igneous 
rocks, but the veins themselves may cut through sedimentary beds or 
crystalline schists The veins are supposed to have been filled from 
below by ascending solutions Metallic gold is also present m the oxi- 
dized zones of many veins of gold-bearing sulphides and in the zones of 
secondary enrichment At the surface the iron sulphides are oxidized 
into sulphates, leaving part of the gold in the metallic state and dissolv- 
mg another part which is carried downward and precipitated 

Fnnapal Localities — ^Vein gold occurs in greater or less quantity in 
all districts of crystalline rocks It has been obtained in large quantity 
along the eastern flanks of the Ural Mountains, this having been the 
most productive region in the world between the years 1819 and 1849 
It has been obtained also from the Altai Mountains in Siberia, from the 
mountains in southeastern Brazil, from the highlands of many of the 
Central and South American countries, and from the western portion of 
the United States, more particularly from the western slopes of the Sierra 
Nevada Mountains and the higher portions of the Rocky Mountains 
In recent years auriferous quartz veins have been worked at various 
points in Alaska, at Porcupine, Ontario, and other points in Canada 

The great placer mines of the world are in California, Australia and 
Alaska In Australia the principal gold mmes are situated m the streams 
rising m the mountams of New South Wales and their extension into 
Victoria The vaUeys of' the Yukon and other rivers in Alaska have 
lately attracted much attention, and in the past few years the beach 
sands off Nome have )aelded much of the metal 

The most important production at present is from South Africa 
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where the metal occurs in an old conglomerate In the opinion of some 
geologists this IS an old beach deposit, in the opinion of others the gold 
was introduced mto the conglomerate long after it had consolidated 
The sands of many streams m Europe and in the eastern United 
States have for many years been '^panned” or washed for gold The 
South Atlantic States, before the discovery^ of gold m California, in 
1849, yielded annually about a milhon dollars' worth of the precious 
metal All of it wras obtained by w'orkmg the gra\ els and sands of small 
rivers and rivulets Many of these streams have been w^orked o\er 
several times at a profit and the mmmg contmues to the present day 
Small quantities of gold have also been obtained from streams m Marne, 
New Hampshire, Maryland and other Atlantic coast states 

Extraction and Refining — Gold is extracted from alluvial sands 
and from placers by washing in pans or troughs The sand, gravel 
and foreign particles are carried away by currents of water and 
the gold settles down with other hea\y minerals to the bottom of the 
shallow pans used in hand w’ashing, or into compartments prepared for 
it m troughs when the processes are on a larger scale It is after- 
ward collected by shaking it wnth mercury or. quicksilver, m which it 
dissolves The quicksilver is finally driven off by heat and the gold 
left behind Auriferous beach sands and many lake, sw^amp and ri\er 
sands are dredged and the sand thus raised is treated by similar methods 
Sands contaming as low^ as 15 cents' worth of metal per cubic yard can 
be worked profitably imder f a^ orable conditions 

Where the gold occurs free (not disseminated through sulphides) 
in quartz the rock is crushed to a fine pulp with water and the mixture 
allowed to flow over copper plates coated with quicksilver The gold 
unites with the quicksilver and forms an alloy from w’hich the mercur}^ 
is driven off by heat The process of forming alloys of silver or gold 
with mercury is known as amalgamation 

When the gold is disseminated through sulphides, these are concen- 
trated, 1 e , freed from the gangue matenal by" wrashmg and then 
roasted This hberates the gold w’hich is collected by amalgamation, 
or IS dissolved by chlorme or cyamde solutions and then precipitated 
Uses — Gold, like silver, is used m the manufacture of jewrelry and or- 
naments, in the manufacture of gold leaf for gilding and m the produc- 
tion of valuable pigments such as the “purple of Cassius ” It also con- 
stitutes the principle medium for comage in nearly all of the most 
important countries of the w"orld The gold coins of the United States 
contain 900 parts gold in 1,000. Those of Great Britain contam 916 66 
parts, the remaining parts consisting of copper and silver The total 
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gold coinage of the United States mints from the time of their organi- 
zation to the end of the year 1912 amounted to $2,765,900,000 The 
gold coined in the world’s mints m 1912 amounted m value to $360,- 
671,382, and that consumed in arts and industries to $174,100,000 
Jewelers estimate the fineness of gold in carats, 24-carat gold being pure 
Eighteen-carat gold is gold containing 18 parts of pure gold and 6 parts 
of some less valuable metal, usually copper The copper is added to 
mcrease the hardness of the metal and to give it a darker color The 
gold used most in jewelry is 14 or 12 carats fine 

Production ----ThA total value of the gold product of the United 
States during 1912 was $93,451,000 Of this the following states and 
territories were the largest producers 

Alaska $17,198,000 Nevada $13,576,000 

California 20,008,000 South Dakota 7,823,000 

Colorado 18,741,000 Utah 4,312,000 

Of the total product, placers }-^elded gold valued at $23,019,633, and 
quaitz veins, metal valued at $62,112,000 The balance of the gold was 
obtained from ores mmed mainly for other metals, and in these it is 
probably not m the metallic state Moreover, some of the ore in quartz 
vems is a gold telluride, but by far the greater portion of the product 
from the quartz veins and placers was furnished by the native metal 

The world’s yield of the precious metal in 1912 was valued at $466,- 
136,100 The prmcipal producing countries and the value of the gold 
produced by each were 


South Africa 

$211,850,600 

Mexico 

$24,450,000 

United States 

93.451.soo 

India 

11.055.700 

Australasia 

54,509,400 

Canada 

12,648,800 

Russia 

22,199,000 

Japan 

4,467,000 


Lead occurs very rarely as octahedral or dodecahedral crystals, 
m thin plates and as small nodular masses in districts containing man- 
ganese and lead ores and also m a few placers It usually contains 
small quantities of silver and antimony The native metal has the 
same properties as the commercial metal Its hardness is i 5 and 
density ii 3 It melts at about 33 5® 

The mmeral is of no commercial importance The metal is obtained 
from galena and other lead compounds 

Mercury occurs as small liquid globules in veins of cinnabar (HgS) 
from which it has probably been reduced by organic substances, and ij> 
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the rocks traversed by these veins The native metal possesses the 
same properties as the commercial metal It solidifies at —39°, when 
It crystallizes in octahedrons ha\mg a cubic cleavage Its density is 
13 6 Its boiling-pomt is 350° 

The commercial metal is obtamed from cinnabar (p 98). 

A malg am (Ag Hg) is found m dodecahedral ciy^stals m a few places, 
associated with mercury and silver ores It occurs also as embedded 
grams, m dense masses and as coatmgs on other minerals It is silver- 
white and opaque and gives a distmct silver streak when rubbed on 
copper Its hardness is about 3 and its density 13 9 When heated 
m the closed tube it yields a sublimate of mercury and a residue of 
silver On charcoal the mercury volatilizes, leavmg a silver globule, 
soluble m nitric acid 


PLATINXmi-IRON GROUP 

The platinum-iron group of mmerals may be dmded into the plati- 
num and the iron subgroups The latter compnses only imi and nickel- 
tton, both of which are extremely rare, and the former, the metals 
platinum, indium, osimum, ruthemum, rhodium, and pdladtum The 
platinum metals probably constitute an isodimorphous group smce 
they occur together m alloys, some of which are isometric and others 
hexagonal (rhombohedral) Platinum is the only member of the group 
of economic importance. 


Platinum (Pt) 

Platinum occurs but rarely in crystals It is almost universally 
foimd as granular plates associated with gold m the sands of streams 
and rivers, and rarely as tmy grams or flakes m certam very basic 
Igneous rocks 

As found in nature the metal always contains iron, indium, rhodium, 
palladium and often other metals. A specimen from Calif orma yielded: 

Pt Au Fe Ir Rh Pd Cu IrOs Sand Total 
8$ so 80 6 7S I 05 I 00 60 I 40 I 10 2 95 loi IS 

Though the metal occurs usually in grains and plates, nevertheless 
its crystals are sometimes foimd. On them cubic faces are the most 
promment ones, though the octahedrons, the dodecahedrons and 
tetrahexahedrons have also been identified Like the crystals of silver 
and gold, those of platmum are frequently distorted. 
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The color of platinum is a little more gray than that of silver Its 
streak is also gray Its hardness is 4-4 5 and density 14 to 19 Pure 
platinum has a density of 21 5 It is malleable and ductile, a good 
conductor of electricity, and it is infusible before the blowpipe except 
in very fine wire It is not dissoh ed by any single acid, though soluble, 
like gold, in aqua regia Its melting temperature is 1755° 

Syntheses — Crystals have been obtained by cooling siliceous mag- 
mas contaming the metal, and by dissolving the metal in saltpetei and 
cooling the mixture 

Occurrence — Platinum is found m the sands of rivers or beaches 
and in placer deposits in which it occurs in flattened scales or in 
small grains Nuggets of considerable size are sometimes met with, 
the largest known weighing about i8f kilos It is present also in 
small quantity m certain very basic igneous rocks, like pendotite 
Localities — ^It occurs in nearly all auriferous placer districts and 
in small quantities in the sands of many rivers, among them the Ivalo 
m Lapland, the Rhine, the rivers of British Columbia, and of the Pacific 
States It is more abundant m the Natoos Mountains m Borneo, on 
the east flanks of the Ural Mountains m Siberia, in the placer of an 
old river m New South Wales, Australia, and the sands of rivers of 
the Pacific side of Colombia It is nearly always associated with 
chromite (p 200) A recent discovery which may prove to be of con- 
siderable importance is near Goodsprings, Nev , where platinum is m 
the free state associated with gold in a siliceous 01 e 

The native metal is probably an original constituent of some peri- 
dotites (basic igneous rocks) Its presence m placers is due to the 
disintegration of these rocks by atmospheric agencies 

Extractwn and Refining — ^The metal is separated from the sand 
with which it IS mixed by washing and hand picking The metallic 
powder is then refined by chemical methods 

Uses — On account of its infusibility and its power to resist the coi- 
rosion of most chemicals the metal is used extensively for ciuciblcs 
and other apparatus necessary to the work of the chemist It is also 
used by dentists and by the manufacturers of incandescent electric 
lamps It IS an important metal in the manufactuie of physical and 
certam surgical instruments, and was formerly used by Russia for coin- 
age The most important use of the metal in the industries is in the 
manufacture of sulphuric acid Sulphur dioxide (SO2) and steam wdien 
mixed and passed over the finely divided metal unite and foim HjSOi 
More than half of the aad made at present is manufactured by this 
process 
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Produchon — ^Most of the platinum of the world is obtained from 
placers in the Urals m Russia A small quantity is washed from the 
sands of gold placers m Colombia, Oregon and California, and an even 
smaller quantity is obtamed durmg the refining of copper from the ores 
of certam nunes The total production of the world in 1912 was 
314,751 oz The output for Russia m this year was about 300,000 oz , 
of Colombia about 12,000 oz , and of the United States 721 oz (eqmv- 
alent to 505 02 of the reJ&ned metal, valued at $22,750) In addition, 
about 1,300 oz were obtamed m the refinmg of copper bullion imported 
from Sudbury, Ont , and m the treatment of concentrates from the 
New Rambler Mme, Wyoming Of this about 500 oz were produced 



piQ 25 — ^Iron Meteonte (Sidente) from Canyon Diablo, Arizona Weight 265 
lbs {Field Columbian Museum ) 

from domestic ores The importations into the United States for the 
same year were about 125,000 oz , valued at $4,500,000 

Platinum-iron, or iron-platinum (Pt Fe), contains from 10 per cent 
to 19 per cent Fe It is usually dark gray or black and is magnetic It 
IS found with platinum m sands of the rivers in the Urals Its crystals 
are isometric 

Iron (Fe) occurs in small grams and large masses in the basalt at 
Ovifak, Disko Island, W Greenland, and at a few other pomts in Green- 
land, and alloys consistmg mamly of iron are found m the sands of some 
rivers m New Zealand, Oregon and elsewhere The native metal always 
contains some nickel The most common occurrence of iron, however, is 
in meteorites (Fig 25) lu these bodies also it is alloyed with Ni When 
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polished and treated with nitric acid, surfaces of meteoric iron exhibit 
senes of lines (Widmanstatten figures), that are the edges of plates of 
different composition (Fig 26) These are so arranged as to indicate 
that the substance crystallizes m the isometric system 

Iridiuin (Ir Pt) and platin-indium (Pt Ir) are alloys of indium and 
platinum found as silver- white grams with a yellowish tinge, associated 
with platinum in the sands of rivers m the Urals, Burmah and Brazil 
Their hardness is 6 to 7, and density 22 7 The mineral is isometric 
and its fusing point is between 2150*^-2250®. 



Fig 26 — Widmanstatten Figures on Etched Surface of Meteorite from Toluca, 
Mexico (One-half natural size ) (Ftcld Columbian Museum ) 

Palladium (Pd) is usually alloyed with a little Pb and Ir It is 
found in small octahedrons and cubes and also in radially fibrous grams 
m the platinum sands of Brazil, the Urals and a few other places It is 
whitish steel-gray in color, has a hardness of 4 to 5 and a density of 
II 3 to II 8 It fuses at about 1549° Its crystallization is isometric 
About 2,390 oz of the metal were produced m the United States during 
1912, but all of It was obtained durmg the refining of bullion. The 
imports were 4,967 oz , valued at $213,397 

Allopalladium (Pd) is probably a dimorph of palladium It is found 
in six-sided plates that are probably rhombohedral, intimately asso- 
ciated with gold, at Tilkerode, Harz 
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Osmiridium (Os Ir) and indosmine (Ir Os)arefoundincr\^staIsand 
flattened grams and plates that are apparently rhombohedral They 
consist of Ir and Os m different proportions, often with the addition 
of rhodium and ruthenium Osmiridmm is tin-white and iridosmme 
steel-gray Their hardness is 6 to 7 and density 19 to 21 WTien heated 
with KNO3 and KOH, both yield the distmctive chlonne-like odor of 
osmium o\ide (OSO4) and a green mass, \\hich, when boiled "VMth 
water, leaves a residue of blue iridium oxide Both are msoluble m 
concentrated aqua regia They occur \Mth platinum m the sands of 
rivers in Colombia, Brazil, California, the Urals, Borneo, New South 
Wales, and a few other places They are distmguished from platmum 
by greater hardness, light color and msolubility in strong aqua regia 
The world’s product of refined indium is about 5,000 oz , of which 
the United States furnishes about 500 oz Its value is $63 per oz 
Imports into the United States during 1911 were 3,905 oz, valued at 
$210,616 The sources of the metal are native iridium, osmiridium, 
platinum, copper ore and bullion The metal is obtamed from the last 
two sources m the refining process 



CHAPTER rV 


THE SULPHIDES, TELLURIDES, SELENIDES, ARSENIDES AND 
ANTIMONIDES 

The sulphides are combinations of the metals, or of elements actmg 
like bases, with sulphur They may all be regarded as derivatives of 
hydrogen sulphide (H2S) by the replacement of the hydrogen by some 
metallic element The tellurides are the corresponding compounds of 
H2Te, and the selenides of H2Se 

With the same group are also placed the arsenides and the anti- 
monides, derivatives of HsAs and HsSb, because arsenic and antimony 
so often replace m part the sulphur of the sulphides, forming with these 
isomorphous mixtures 

The minerals described in this volume may be separated into the 
following groups and subgroups 

I The sulphides, tellurides and selenides of the metalloids arsenic, 
antimony, bismuth and molybdenum 

II The sulphides, tellurides, selenides, arsenides and antimonides 
of the metals 

(a) The monosulphides, etc (Derivatives of H2S, H2Se, H2Te, 

HsAs, HsSb ) 

(b) The disulphides, etc (Derivatives of 2H2S, 2H2Te, 2H3AS, 

2H3Sb ) 

All sulphur compounds when mixed with dry sodium carbonate 
(Na2C03) and heated to fusion on charcoal yield a mass containing 
sodium sulphide (Na2S) If the mass is removed from the charcoal, 
placed on a bright piece of silver and moistened with a drop or two of 
water or hydrochloric aad, the solution formed will stain the silver a 
dark brown or black color (Ag2S), which will not rub off The sulphides 
yield the sulphur reaction when heated with the carbonate on platinum 
foil, the sulphates only when charcoal or some other reducing agent is 
added to the mixture before fusing Moreover, the sulphides yield 
sulphureted hydrogen when heated with hydrochloric acid, while the 
sulphates do not. These tests are extremely delicate. By the aid of 
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the first one the sulphur m any compound may be detected By the 
aid of the others the sulphates may be distinguished from the 
sulphides 

The selemdes are recognized by the strong odor evolved when heated 
before the blowpipe Selenates and selenites give their odor only after 
reduction with Na2C03 

The tellurides, when w’armed wnth concentrated H2SO4, dissolve and 
yield a carmine solution from w^hich water precipitates a black gray 
powder of tellurium 

All substances containing arsenic and antimony yield dense white 
fumes when heated on charcoal m the oxidizing flame The fumes of 
arsenic possess a characteristic odor while those of antimony are odorless 
When heated in the open tube, arsenides and compounds with sulphur 
and arsenic yield a very volatile sublimate composed of tiny w’hite crys- 
tals (AS2O3) The corresponding sublimate for antimonides and for 
compounds wnth antimony and sulphur is nonvolatile, or difficultly 
volatile, and apparently amorphous It is usually found on the under 
side of the tube 

THE SULPHIDES, SELENIDES AND TELLURIDES OF 
THE METALLOIDS 

The sulphides of the metalloids mclude compounds of sulphur wnth 
arsenic, antimony, bismuth and molybdenum and a selemde and several 
tellurides of bismuth Only the sulphides are of importance. One, 
stibmte (Sb2S3), is utilized as a source of antimony 

Realgar (AS2S2) 

Realgar occurs as a bright red mcrustation on other substances, 
as compact and granular masses and as crystals implanted on other 
mmerals It is usuaUy associated with the bright yellow orpiment 

(p 71) 

Absolutely pure realgar should have the followmg composibon 
As, 70 1 per cent, S, 29 9 per cent The mineral, however, usually 
contams a small amoimt of impunties It may be looked upon as a 
denvative of H2S m which the hydrogen of two molecules is replaced 
by two arsemc atoms, thus- 

H2S As?=S 

yieldmg | 

H2S As=S. 
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Crystals of realgar are usually short and prismatic in habit They 
are monoclinic (prismatic class) with an axial ratio a b c = i 44 
I . 973 and ^=66° 5' The characteristic prismatic faces are 
(^w)ooP(iio) and (/) 00 P2(2io) These with 00 P ob (010) con- 
stitute the prismatic zone The terminations are {r) ^P 00(012) or 
{q) Pob(oii) in combination with the basal plane (0 oP(ooi), the 
orthodome (pc) (Toi), and one or more of several pyramids (See Fig 
27 ) The crystals are usually small and are 
striated vertically Prismatic angle 1 10 A iTo 

}\ =105" 34' 

The mineral possesses a distinct cleavage 
1 l^j parallel to (6) 00 Fob and (/) 00 Pi" It is 

j z ^ sectile, soft (H=i 5-2), resinous in luster and 

aurora-red or orange in color Its streak is a 
W ^ lighter shade, but with the mineral are fre- 

quently intermingled small quantities of orpi- 
Fig 27 —Realgar Crystal ment which impart to its streak a distinct 

ooP,iio(w), 00P2 2io(/), yellow^ tinge Its density is 356 In thin 

00 Pm, ^010 (6), oP, ooi splinters it is often translucent or trans- 
Tn parent, and strongly pleochroic m red and 

yellow tmts, but in masses it is opaque Its 
mdices of refraction are not known with accuracy, but its double re- 
fraction is strong ( 030) It IS a nonconductor of electricity 

When heated on charcoal before the blowpipe realgar catches fire 
and burns with a light blue flame, at the same time giving off dense 
clouds of arsenic fumes and the odor of burning sulphur (SO2) When 
heated in a closed tube it melts, volatilizes and yields a transparent 
red sublimate in the cold parts of the tube 

Its bright red color and its reaction for sulphur distinguish realgar 
from all other minerals but anndbar, the sulphide of mercury (]) 98) 
It may easily be distinguished from cinnabar by its softness, its low 
specific gravity and the arsenic fumes which it yields when heated on 
charcoal 


On exposure to the air and to light realgar oxidizes, yielding orpi- 
ment (AS2S3) and arsenolite (AS2O3) 

—Realgar is often produced in the flues of furnaces m 
which ores containing sulphur and arsenic are roasted Crystals have 
also been produced by heating to 150® a mixture of AsS \/ith an excess 
of sulphur m a solution of bicarbonate of soda sealed m a glass tube 
Occurrence LocakUes and. Origin — Realgar occurs in masses asso 
dated with orpiment and in grams scattered through it at all places 
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where the latter mineral is found It also occurs associated with silver 
and lead ores in many places It is found in crystals implanted on 
quartz and on the walls of cavities in lavas It is also occasionally 
a deposit from hot springs In the United States it forms seams in a 
sandy clay in Iron Co , Utah Its crystals are found m calcite m San 
Bernardino and Trinity Counties, California, and with orpiment it is 
deposited as a powder by the hot water of the Norris Geyser basm in the 
Yellowstone National Park 

In most cases it is a product of the mteraction of arsenic and sul- 
phur vapors. 

Uses — ^The native realgar occurs in too small a quantity to be of 
commercial importance An artificial realgar is employed m tanmng 
and in the manufacture of “ white-fire 

Orpiment (AS2S3) 

Orpiment, though more abundant than realgar, is not a common 
mineral It is usually found in foliated or columnar masses with a 
bright yellow color Its name — ^a contraction from the Latm aun- 
pigmentum^ meaning golden paint — ^refers to this color 

The pure mineral contains 39 per cent of sulphur and 61 per cent 
of arsenic, correspondmg to the formula AS2S3 It thus contams 
about 9 per cent more sulphur than does realgar. 

The monoclmic orpiment crystals have the symmetry of the pri*^ 
matic class Their axial ratio is 596 . i * 665 with jS= 89° 19' Though 
always small they are distinctly pnsmatic with an orthorhombic habit 
Their predominant faces are the ortho and chno pmacoids, several 
prisms and the orthodome 

The cleavage of orpiment is so perfect parallel to 00 P 00 (010) that 
even from large masses of the mineral distinct foliae may be split 
These are flexible but not elastic The mineral, like many other 
flexible minerals, is sectile Its luster is pearly on cleavage faces, 
which are always vertically striated, and is resmous on other surfaces 
The color of pure orpiment is lemon-yellow, it shades mto orange 
when the mineral is impure through the admLxture of realgar Its 
streak is always of some lighter shade than that of the mineral Its 
hardness is i 5-2 and its density about 34 In small pieces orpiment 
is translucent and possesses an orange and greenish yellow pleochroism 
When heated to 100° it becomes red and assumes the pleochroism of 
realgar. It, however, resumes its characteristic color and pleochroism 
upon coolmg. When heated to 150° the change is permanent. The 
mineral is a nonconductor of electnaty. 
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The chemical properties of orpiment are the same as those described 
for realgar, except that the sublimate in the closed tube is yellow instead 
of red 

Synthesis —Orpiment is produced in large pleochroic crystals by 
treatment of arsenic acid with H2S imder high prcssiu e 

Occurrence, Localities and Origin — Orpiment occurs in the same 
forms and in the same places as does realgar Small specks of it occur 
on arsenical iron at Edenville, NY It is also found in the deposits 
of Steamboat Springs Nevada The origin of orpiment is similar 
to that of realgar It is also formed by the oxidation of this mineral 
Uses — Native orpiment mixed with water and slaked lime is used 
m the East as a wash for removing hair It is also employed as a pig- 
ment m dyeing Most of the AS2S3 of commerce is a manufactured 
product 

STIBNITE GROUP (R>Qz) 

The stibmte group of sulphides contains several isomorphous 
compounds, of which we shall consider only two, vu , Uibniic (Sb^Si) 
and hismuthimte (B12S3) The general formula of the grouf) is R2Q3, 
m which R stands for Sb or Bi and Q for S 01 Se The gioup is 
orthorhombic (bipyramidal class) All the members have a distinct 
cleavage parallel to the brachypmacoid which yields flexible laminae 


Stibmte (Sb2Sa) 


Stibnite IS the commonest and the most important ore of anti- 
mony It IS found in acicular and prismatic crys- 



Fig 28 — Stibmte Crys- 
tal 00 p, no (7n), 
ooPoo , 010 {}>), 2P2, 
121 (u) and P, III {p) 


tals, in radiating groups of crystals and m 
fibrous masses 

Chemically, stibmte is the antimony tnsul- 
phide, Sb2S3, composed of Sb, 71 4 per cent 
and S, 28 6 per cent As found, however, it 
usually contams small quantities of iron and often 
traces of silver and gold 

Crystals of stibmte are often very compli- 
cated They are orthorhombic with an axial ratio 
9926 ‘I 1 0179 columnar or acicular 

habit The most important forms m the pris- 


matic zone are 00 P(uo) and 00 P 06 (010). The 
prisms are often acutely terminated by P(iii), iP4(43i) and 6P2(36i), 
or bluntly termmated by ■J-P(ii3), (Fig 28) Sometimes the crystals 
are rendered very compheated by the great number of their terminal 
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planes Dana figures a crystal from Japan that possesses a tennina- 
tion of 84 planes no a 110=89° 34' 

Many of the crystals of this mineral, more particularly those with 
an acicular habit, are curved, bent or twisted Nearly "all, \\hether 
curved or straight, are longitudinally striated 

The cleavage of stibnite is very perfect parallel to 00 P 06 (010), 
leaving striated surfaces The mineral is soft (H=2) and slightly 
sectile Its density is about 4 5 Its color is lead-gray and its streak 
a little darker In very thin splinters it is translucent in red or yellow 
tmts In these the indices of refraction for yellow light have been 
determined to be, a=4 303 and 7=3 194 Surfaces that are exposed 
to the air are often coated with a black or an iridescent tarnish The 
luster of the mineral is metallic It is a nonconductor of electricity 
Stibnite fuses very easily, thin sphnters being melted even m the 
flame of a candle When heated on charcoal the mineral yields anti- 
mony and sulphurous fumes, the former of which coat the charcoal w’hite 
m the vicinity of the assay When heated m the open tube SO2 is 
evolved and a white sublimate of Sb203 is deposited on the cool 'walls of 
the tube In the closed tube the mineral gives a famt ring of sulphur 
and a red coating of antimony oxysulphide It is soluble m nitric acid 
with the precipitation of SbaOs 

Stibnite may easily be distinguished from all mmerals but the other 
sulphides by the test for sulphur From the other sulphides it is dis- 
tinguished by Its cleavage and the fumes it yields when heated on char- 
coal Its closest resemblance is with galena (PbS), which, however, 
differs from it in being less fusible and m 3nelding a lead globule when 
fused with sodium carbonate on charcoal. Moreover, galena possesses 
a cubic cleavage 

Syntheses — Stibnite is produced by heating to 200°, a mixture of 
sulphur and antimony with water under pressure, and by the reaction of 
H2S on antimony oxide heated to redness 

Occurrence^ Locahhes and Origin — ^The mineral is found as crystals 
in quartz veins cutting crystalline rocks, and in metalliferous vems asso- 
ciated with lead and zmc ores, with cinnabar (HgS) and barite (BaS04) 
The finest crystals, some of them 20 mches in length, come from mmes 
in the Province of lyo, on the Island of Shikoku, Japan The mineral 
occurs also in York Co , New Brunswick, m Rawdon township, Nova 
Scotia, at many points m the eastern United States, m Sevier Co , 
Arkansas, m Garfield Co , Utah, and at many of the minmg districts in 
the Rocky Mountain States 

In Arkansas stibnite is in quartz veins followmg the bedding planes 
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of shales and sandstones With it are found many lead, zmc and 
iron compounds and small quantities of rarer substances In Utah 
the mineral occurs in veins unmi\ed %Mth other minerals, except its 
own oxidation products The veins follow the bedding of sandstones 
and conglomerates Here, as in Arkansas, the stibnite is believed to 
have been deposited by magmatic waters 

Uses — Stibmte w^as pow’dered by the ancients and used to color the 
eyebrows, eyelashes and hair At present it is used to a slight extent in 
vulcanizmg rubber and in the manufacture of safety matches, percussion 
caps, certam kinds of fireworks, etc Its principal value is as an ore of 
antimony Practically all of the metal used in the arts is obtained 
from this source Antimony is chiefly valuable as an alloy with other 
metals With tin and lead it forms type metal The principal alloys 
with tin are britannia metal and pewter With lead, tin and copper 
it constitutes babbit metal, a hard alloy used in the construction of 
locomotive and car journals, and wnth other substances it enters into 
the composition of other alloys used for a variety of purposes The 
double tartrate of antimony and potassium is the well known tartar 
emetic. The pigment, Naples yellow”, is an antimony chromate. 

Production — The total quantity of stibnite mined m the world can- 
not be accurately estimated That mined in the United States is very 
small in amount, most of the antimony produced m this country being 
obtamed m the form of an antimony alloy as a by-product in the smelting 
of antimomal lead ores 

Blsmuthinite (BhSz) 

Bismuthmite is completely isomorphous with stibmte It rarely, 
however, occurs m acicular crystals, but is more frequently m foliated, 
fibrous or dense masses 

Its axial ratio is 968 i : 985. 

The angle no A 11^0 = 88® 8' 

The mmeral resembles stibmte in color and streak, but its surface is 
often covered with a yellowish iridescent tarnish Its fusibility and 
hardness are the same as those of stibmte but its density is 6 8-7 i It 
IS an electrical conductor 

In the open tube the mineral yields SO2 and a white sublimate 
which melts into drops that are brown while hot, but change to opaque 
yellow when cold On charcoal it yields a coating of yellow B12O3 which 
changes to a bright red B1I3 when moistened with potassium iodide 
The mineral dissolves in hot nitric acid, forming a solution, which upon 
the addition of watet gives a white precipitate of a basic bismuth nitrate. 
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Bismuthmite is distinguished from siibmie by the coating on char- 
coal and by its complete solubility in HNO3 

Syntheses — Crystals have been obtamed by coohng a solution of 
B12S3 in molten bismuth, and by coohng a solu.ion made by h^atmg 
B12S3 m a solution of potassium sulphide m a closed tube at 200°. 

Occurrence, Localities and Origin — Bismuthmite occurs as a constit- 
uent of veins associated with quartz, bismuth and chalcoprate, m w’hich 
It was probably formed as a product of pneumatolytic processes It is 
found at Schneeberg and other pomts m Saxony, at Redruth and 
elsew^here in Cornwall, near Beaver City, Utah, in a gold-bearmg veui 
at Gold Hill, Rowan County, N C , and m a vem con tainin g ber\l, 
garnet, etc , m granite at Haddam, Conn 

TETRADYMITE GROUP 

This group comprises a series of tellurides and selenides of bismuth 
that have not been satisfactorily differentiated because of the lack of 
accurate analyses 

Tetrad3naaite, the best known member of the group, is probably an 
isomorphous muxture cf bismuth telluride and bismuth sulphide of the 
formula Bi2(Te 8)3 It occurs m small rhombohedral crystals with the 
axial ratio i . i 587 and loli A^ioi== 98° 58' Its crystals are bounded 
by rhombohedrons (R(ioTi) and 2R(202i)) and the basal plane 
(oP(oooi)). Interpenetration fourhngs are common wuth — JRCoiTz), 
the twmnmg plane The mmeral is, howTver, more frequently found 
in foliated and granular masses. Its color is lead-gray It possesses a 
perfect cleavage parallel to the base Its hardness is i 5-2 and its 
density about 74 It is a good electncal conductor Its best known 
occurrences are Zsubkau, Htmgary% Whitehall, Va, m Daxndson 
County, N C , near Dahlonega, Ga , near Highland, Mont , and at 
the Montgomery Mine and at Bradshaw City in Arizona It occurs in 
quartz veins associated with gold m the gold sands of some streams 

The other members of the group appear to be completely isomorphous 
with tetradymite. They vary in color from tm-white through gray to 
black. 


Molybdenite (MoS) 

This mmeral, which is the sulphide of the rare metal molybdenum, 
does not occur m large quantity, but it is so widely distnbuted that it 
seems to be quite abundant It occurs pnnapaily m black scales scat- 
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tered through coarse-grained, crystalline, siliceous rocks and granular 
limestones and in black or lead-gray foliated masses 

The theoretical composition of molybdenite is 40 per cent sulphur 
and 60 per cent molybdenum Usually, however, the mineral contains 
small quantities of iron and occasionally other components 

Crystals of molybdenite are exceedingly rare Scales and plates 
with hexagonal outlmes are often met with but they do not usually pos- 
sess sufficiently perfect faces to yield accurate measurements The 
measurements that have been obtained appear to indicate a holohedral 
hexagonal symmetry wnth an axial ratio i i 908 

The cleavage of molybdenite is very perfect parallel to the base. 
The laminae are flexible but not elastic The mineral is sectile and so 
soft that it leaves a black mark when drawn across paper Its density 
IS 4 7. Its luster is metallic, color lead-black, and streak greenish 
black In very thin flakes the mmeral is translucent with a green tinge 
Otherwise it is opaque It is a poor conductor of electricity at ordi- 
nary temperature, but its conductivity increases with the temperature 
In the blowpipe flame molybdenite is mfusible It, however, im- 
parts to the edges of the flame a yellowish green color Naturally, it 
yields all the reactions for sulphur, and m the open tube it deposits a 
pale yellow crystalline sublimate of M0O3 Molybdenite is decomposed 
by nitric acid with the production of a gray powder (M0O3) 

By its color, luster and softness molybdenite is easily distinguished 
from all minerals but graphite From this it is distinguished by its 
reaction for sulphur Moreover, a characteristic test foi all molyb- 
denum compoimds is the dark blue coating produced on porcelam when 
the pulverized substance is moistened with concentrated sulphuric 
acid and then heated until almost dry Before this test can be applied 
to molybdenite, the mineral must first be powdered and then oxi- 
dized by roastmg in the air for a few minutes or by boiling to dryness 
with a few drops of HNO3 

Syntheses — Crystalline molybdenite has been prepared by the action 
of sulphur vapor or H2S upon glowmg molybdic acid It has also been 
produced by heatmg a mixture of molybdates and lime, m a large excess 
of a gaseous mixture of HCl and H2S. 

Occurrence, Localities and Origin — ^Molybdenite generally occurs 
embedded as grams in limestone and in the crystalline silicate rocks, 
as, for mstance, gramte and gneiss, and as masses m quartz veins, at 
Arendal, Norway, at Blue Hill Bay, Marne, at Haddam, Conn , in 
Renfrew Co , Ontario, and at many pomts m the far western states 
It is thought to be of pneumatolytic origm. 
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Uses — ^The mineral is the principal ore of the metal mofybdenum, 
the salts of which are important chemicals employed principally in 
analytical work, especially in the detection and estimation of phosphoric 
acid The molybdate of ammonia (NH4)2Mo04, the prmcipal salt 
employed in analytical processes, is easily obtamed by roasting a imx- 
ture of sand and molybdenite and treating the oxidized product with 
ammonia Other mol3^bdenum salts are used for gnnng a green color 
to porcelain The metal is used in an alloy fferro-moljbdenum) for 
hardening steel, as supports for the lower ends of tijngsten filaments m 
electric lamps and for making ribbons used in electric furnaces 

Production — ^There was no production of molybdenite in North 
America durmg 1912 The imports of the metal into the United States 
aggregated 3 5 tons, valued at $4,670, The value of the imports 
of the ore is not known* 

THE SULPHIDES, SELEITIDES, ETC., OF THE METALS 
THE METALLIC MONOSTTLPHIDES, ETC 

The metallic monosulphides, monoselemdes, etc , are compounds 
in which the hydrogen of HoS, H2Se, H2Te, HsAs, and HsSb are 
replaced by metals Among them are some of the most important 
ores 

They may be separated into several groups of which some are 
among the best defined of all the mineral groups, wMe others consist 
simply of a number of minerals placed together solely for convemence 
of description In addition, there are a few members of this chemical 
group which seem to have no close relationship witii any other mem- 
bers These are discussed separately 

The groups described are as follows: 

The Dyskrasite Group 
The Galena Group 
The Chalcocite Group, 

The Blende Group 
The Millerite Group 
The Cinnabar Group. 

DYSKRASITE GROOP 

This group includes a number of arsenides and antimonides, some 
of which apparently contain an excess of the metal above that neces- 
sary to satisfy the formulas HsAs and HaSb. Although their com- 
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position IS not understood, they are generally regarded as basic com- 
pounds A few of them are well crystallized, but their composition is 
doubtful, because of the difficulty of obtammg pure material for anal- 
yses Some of them are probably muxtures The members of the 
group, all of which are ccmparatnely rare, are whtneytte (CuoAs), 
algodomte (CueAs), domeyktte (CusAs), horsfordite (CufiSb) and dyskras- 
'lie (AgsSb) Other minerals are known which may properly be placed 
here, but their identity is doubtful The only two members that need 
further discussion are domeykite and dyskrasite 

Domeykite (CuaAs) is known only m disseminated particles and 
m botryoidal and dense masses and small orthorhombic crystals It 
may be a mixture of several components, which in other proportions 
form algodomte It is tm-white or steel-gray and opaque It becomes 
dull and covered with a yellow or brown iridescent tarnish when ex- 
posed to the air Its hardness is 3-4 and density about 73 It is the 
most easily fusible of the copper arsenides Its principal occurrences 
are m the silver mmes of Copiapo and Coquimbo in Chile, associated 
^\ith native copper at Cerro de Paracabas, Guerrero, Mexico, at Shel- 
don, Portage Lake, Michigan, and on Michipicolen Island, in Lake 
Supenor, Ontario The last two occurrences are m quartz veins 

Dyskrasite (AgaSb) occurs m foliated, granular and structureless 
masses and rarely in small orthorhombic crystals with an hexagonal 
habit Their axial ratio is 5775 i . 6718, Twinning is frequent, 
yieldmg star-shaped aggregates The mmeral has a silver-white color 
and streak, but its exposed surfaces are often tarnished yellow or black 
It is opaque and sectile Its hardness is 3 5-4 and density about g 6 
It is a good electrical conductor Dyskrasite is soluble in HNO3 
leaving a white sediment of Sb203 It occurs principally in the silver 
noLines of central Europe, and especially near Wolfach, Baden, St 
Andreasberg, Harz, and at Carrizo, m Copiapo, Chile, 

GALENA GROUP 

The mmerals comprismg the galena group number about a dozen 
caystalhzmg m the holohedral division of the regular system (hex- 
octahedral class) They possess the general formula RQ in which 
R represents silver, lead, copper and gold, and Q sulphur, selenium 
and tellurium The group may be divided into silver compounds and 
lead compounds, thus (A) argentUe (AggS), hessite (Ag2Te), petzite 
((Ag Au)2Te), naumanmte (Ag2Se), agmlanie (Ag2(Se S)), jalpaiie 
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((Ag Cu)2S) and eukante ((Ag Cu)2Se), and {B) galena (T?hS), aliatte 
(PbTe), and clausthaJiie (PbSe) Of these onh two are of importance, 
VIZ , galena, and argentite Hessite and petzite are comparativeh 
unimportant ores of gold 

Argentite (AgoS) 

Argentite, though not very widespread in its occurrence, is an 
important ore of silver It is found in masses, as coatings, and m ciy^s- 
tals or arborescent groups of crystals 

Argentite contains 87 i per cent silver and 12 9 per cent sulphur when 
pure It IS usually, however, impure through the admncture of small 
quantities of Fe, Pb, Cu, etc 

The forms most frequently observed on argentite crystals are 
ooOc«{ioo), ooO(iio) and O(iii), though various wOoo Qilo) and 
mOm (Ml) forms are also met 'with The crystals are often distorted 
and often they are grouped m paiallel growths of different shapes 
Twinning is common, 'with O(iii) the twmning plane The twins 
are usually penetration twins The habit of most cr^^stals is cubical 
or octahedral 

Argentite is lead-gray in color Its streak is a little darker The 
mineral is opaque Its luster is metallic, its hardness about 2 25 and* 
density 73 It is sectile, has an imperfect cleavage and is a conductor 
of electricity 

When heated on charcoal argentite swells and fuses, yieldmg sulphur 
fumes and a globule of silver It is soluble m nitric acid 

Argentite is easily recognized by its color, its sectility, the fact that 
it yields a silver globule when fused with Na2C03 on charcoal and yields 
the sulphur test with a silver com 

Syntheses — Crystals of argentite may be obtamed by treatmg red 
hot silver with sulphur vapor or dry H2S, and by heatmg silver and SO2 
in a closed tube at 200® 

Occurrence^ Locahkes and Origin — ^Themmeral is found m the second- 
ary enrichment zones of vems assoaated wath silver and other sulphides 
in many silver-mmmg districts In Nevada it is an important ore at 
the Comstock lode and m the Cortez district It is found also near 
Port Arthur on the north shore of Lake Supenor, in Ontario, and asso- 
ciated with native silver m the copper mmes of Michigan The ores of 
Mexico, Chile, Bolivia and Peru are composed largely of this mmeral. 

Froduckon — Much of the silver produced m this country is obtained 
from argentite, though by no means so great a quantity as is obtained 
from other sources* 
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Hessite fAg2Te) and Petzite ((Ag Au)2Te) 

These two minerals, though comparatively rare, are prominent 
sources of gold and silver in some mining camps They usually occur 
together associated with other sulphides. 

Hessite is the nearly pure silver telluride and petzite, an isomorphous 
mixture of gold and silver tellurides, as indicated by the following analy- 
ses of materials from the Red Cloud Mine, Boulder Co , Colorado 
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The minerals crystallize in all respects like argentite They are 
opaque and lead-gray to iron-black m color, sectile to brittle, have a 
hardness between 2 and 3 and a specific gravity of 8 3-9, increasing with 
the percentage of gold present They are good conductors of electricity 
Before the blowpipe, both minerals melt easily to a black globule, at 
the same time colormg the reducmg flame greenish and giving the odor 
of tellurium fumes When acted upon by the reducing flame, the globule 
becomes covered with little crystals of silver With Na2C03 on charcoal 
both minerals yield a globule of silver, but the globule obtained from 
hessite dissolves m warm HNO3, while that obtamed from petzite 
becomes yellow (gold) In the open tube both yield a white sublimate 
of Te02 which melts, when heated, to colorless drops When heated 
with concentrated H2SO4, they give a purple or red solution which, upon 
the addition of water, loses its color and precipitates blackish gray, 
powdery tellurium. The mmerals dissolve in HNO3 From this solu- 
tion HCl throws down white silver chloride 

Both the mmerals resemble very closely many forms of argenhte 
and galena, from which, however, they may be distmguished by the 
reactions for tellurium Petzite and hessite may be distmguished from 
one another by the test for gold Moreover a fresh surface of hessite 
blackens when treated with a solution of KCN, whereas a surface of 
petzite remams unaffected 

Syntheses — Octahedrons of hessite are obtamed by the action of 
tellunum vapor upon glowing silver in an atmosphere of nitrogen, and 
dodecahedrons of petzite upon similar treatment of gold-silver alloy 
Origvn — Both mmerals are believed to be primary deposits orig- 
inatmg in magmatic solutions They occur in veins with native gold, 
quartz, fluonte, dolomite, and vanous sulphides and other tellurides. 
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Locahhes tellundes, together i^ith others to be described 
later (p 113), are important sources of silver and gold in the mines at 
Nagyag, Transylvania, at Cripple Creek and in Boulder Co , Colo , and 
at Kalgoorhc, W Australia The quantity of tellundes mmed is con- 
siderable, but since it is impracticable to separate these two tellundes 
from the other compounds of gold and silver mined with them, it is im- 
possible to estimate the proportion of the metals obtamed from them 

Galena (PbS) 

Galena, the most important ore of lead, occurs in great lead-gray 
crystalline masses, m large and small crystals, in coarse and fine granular 
aggregates, and in other less common forms Much galena contams 
silver, m which case it becomes an important ore of this metal 

Galena rarely approaches the theoretical composition 13 4 per cent 
of sulphur and 86 6 per cent of lead It usually contains small quanti- 
ties of the sulphides of silver, zinc, cadmium, copper and bismuth and 
in some cases native silver and gold When the percentage of silver 
present reaches 3 oz per ton the mineral is ranked as a silver ore This 
silver is apparently present m some cases as an isomorphous mucture 
of silver sulphide and m other cases m distinct 
minerals included within the galena 

Galena crystals usually possess a cubical habit, 
though crystals with the octahedral habit are 
very common The principal forms observed are 
00 0 00 (100), O(iii), ooO(iio), mOoo{klo) and 
mOm {hll) (Figs 29 and 30) Twins are common, 
with 0 the twinning face ^9 —Galena Crys- 

Galena is well characterized by its lead-gray ooO^°^io 

color, its perfect cleavage parallel to the cubic faces ^nd O, hi (0) 
and by its great density (8 5) Its luster is me- 
tallic and Its hardness about 2 6 Its streak is grayish black. It is a 
good conductor of electricity 

On charcoal galena fuses, yieldmg sulphurous fumes and a globule 
of metallic lead, which may easily be distinguished from a silver globule 
by its softness The charcoal around the assay is coated with a yellow 
sublimate of lead oxide (PbO) The mineral is soluble m HNO3 with 
the separation of sulphur 

Its color and luster distinguish galena from nearly all mmerals but 
^ zlmU From this mineral it is easily distmguished by its more difiScult 
fusibility, by its cleavage, and by the fact that it does not yield the anti- 
mony fumes when heated on charcoal 
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Galena weathers readily to the sulphate (anglesite) and carbonate 
(cerussite) , consequently it is usually not found in the upper portions 
of veins that are exposed to the action of the air. 

Syntheses — Crystals of galena result from heating a mixture of 
lead oxide with NH4CI and sulphur, and from treatment of a lead salt 
with H2S at a red heat Small crystals have been produced by heating 



Fig 30 — Galena Crystals (ooOcoCioo) and O(iii)) partly rovcrcd by Martasitc, 
from the Joplin DistnU, Mo (After IV 6 T Smith and C h Snbcnlhal ) 

in a sealed glass tube at 8o°-9o° pulverized cerussite (PbCO^O in a water 
solution of H2S 

Ortgm — ^Veins of galena contammg silver (silver-lead) were probably 
produced by ascending solutions emanating from bodies of igneous 
rocks, while the galena in hmestone was probably deposited by ground- 
water that dissolved the sulphide from the surrounding sedimentary 
rocks Galena is also in some cases a metamorphic product 

Occurrence — ^The mineral occurs very widely spread It is found 
m veins associated with quartz (S1O2), calcite (CaCOa), barite (BaSOO 
or fluorite (CaF2) and various sulphides, especially the zinc sulphide, 
sphalerite, in irregular masses filling clefts and cavities m hmestone, 
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in b6ds, and in stalactites and other forms characteristic of water 
deposits 

It occurs also as pseudomorphs after pyromorphite — the lead phos- 
phate The form that occurs in veins is often silver bearing, while that 
in limestone is usually free from silver 

Locahkes — Galena is mined in Cornwall and in Derbyshire, Eng- 
land, in the Moresnet district, Belgium, at various places m Silesia, 
Bohemia, Spam and Australia In the United States it occurs m vems at 
Lubec, Me , at Rossie, St Lawrence Co , N Y , at PhoenLwnlle, Penn , at 
Austin's Mines in Wythe Co , Va , and at many other places It is 
mmed for silver in Mexico, at LeadviUe, Colo , at various pomts m 
Montana, in the Coeur d'Alene region m Idaho and at many other places 
in the Rocky Mountain region 

The most extensive galena deposits in this country are m Missoun, 
in the corner made by the states of Wisconsin, Illinois and Iowa, and 
in Cherokee Co , Kansas In these districts the galena, associated 
with sphalerite (ZnS), pyrite (FeS2), smithsomte (ZnCOs), calamme 
((Zn0H)2Si03), cerussite (PbCOa), calcite (CaCOa) and other mmerals, 
fills cavities in limestone 

Extraction of Lead and Silver from Galena — ^The ore is first crushed 
and concentrated by mechanical or electrostatic methods, and the 
concentrates are roasted to convert them mto oxides and sulphates 
The mass is then heated without access of air, sulphur dioxide bemg 
driven off, leaving metalhc lead carrying impurities, or a mixture of 
lead and silver 

The processes employed in refinmg the impure lead vary with the 
nature of the impurities 

Uses — Galena is employed to some extent m glazing common 
stoneware It is also used in the preparation of white lead and other 
pigments As has alrerdy been stated, it is the most important ore of 
lead and a very important ore of silver 

The metal lead finds many uses in the arts Its most common 
use is for piping Its alloys, type metal, pewter and babbitt metal 
have already been referred to (p 74) Solder is an alloy of tm and lead, 
Wood's metal a mixture of lead, bismuth, tm and cadmium The spe- 
cial characteristic of Wood's alloy is its low fusion pomt (70®) 

Produchon — ^The total production of galena by the different coun- 
tries of the world cannot be given, but the world's production of lead 
in 1912 was 1,277,002 short tons The total quantity of lead pro- 
duced by the United States from domestic ores m the same year was 
about 415,39s tons, valued at $37,385,550 Most of this was obtamed 
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from galena About tons were soft lead, smelted from ores 

mmed mamly for their lead and zmc contents, and the balance from 
ores mined partly for their silver The importance of galena as an ore 
of silver may be appreciated from the fact that of the $39,197,000 
worth of this metal produced m the United States during 1912, silver 
to the value of about $12,000,000 was obtained from lead ores or from 
mixtures of lead and zmc ores 

Altaite (PbTe) and clausthalite (PbSe) both resemble galena m 
appearance Both occur commonly in fine-grained masses, but they 
are also found in cubic crystals Altaite is tm-white, tarnishing to 
yellow or bronze, and clausthahte is lead-gray Their hardness is 2 5-3 
and specific gravity about 8 i They are associated with silver and lead 
compounds prinapally in the silver mines of Europe and South America 
Altaite is known also from several mines in California, Colorado and 
North Carolina They are distmguished from one another and from 
galena by the tests for Te and Se 

CHALCOCITE GROUP 

The chalcocite group mcludes four or five cuprous and argentous 
sulphides, selenides and tellurides They all crystallize in the ortho- 
rhombic system (rhombic bipyramidal class) often with an hexagonal 
habit, and are isomorphous The best known members of the group 
are chalcocite (CU2S) and stromeyente (Cu Ag)2S, but only the first- 
named is common Although these minerals are orthorhombic, never- 
theless CU2S IS known to exist also m isometric crystals, in which form 
It IS isomorphous with argentite Moreover, stromeyente is an iso- 
morphous mixture of Ag2S and CU2S Therefore, it is mferred that 
CU2S and AgaS are isomorphous dunorphs 

Chalcocite (CU2S) 

Chalcocite (CU2S), the cuprous sulphide, is an important ore of 
copper though by no means as widely spread as the iron-copper sul- 
phide, chalcopynte It is usually found in black masses with a dull 
metallic luster and as a black powder, though frequently also in crys- 
tals It is a common constituent of the enrichment zone of many veins 
of copper ores. 

The best analyses of chalcocite agree closely with the formula 
given above, requirmg the presence of 20 2 per cent of sulphur and 
79 8 per cent of copper Iron and silver are often present in the mmeral 
m small quantity 



SULPHIDES, TELLURIDES. ETC 


85 


In crystallization chalcoate is orthorhombic (rhombic bipyranudal 
class) with the axial ratio 5^22 . i Its crystals contam as 

their predommant forms oP(ooi), ooP(iio), 00 P 06 (010), P(iii), 

a senes of prisms of the general symbol — P(ii/i), and several bra- 

m 

chydomes Many cf the crystals are elongated parallel to d, and 
others are so developed as to possess an hexagonal habit (Fig 31) 
Twms are common according to several laws When the twmnmg plane 13 
4 P (112) the twins are usually cruciform (Fig 32) The zone 001— 010 
IS often striated through oscillatory combmations no A 110=60° 25' 
The cleavage of chalcocite is mdistmct, its fracture is mnchoidal 
Its hardness is 2 5-3 and density about 5 7, Its streak, like its color, 



Fig 31 Fig 32 

Fig 31 — Chalcocite Crystal oP, 001 (c), ooPw, 010(6), 00 P, no (w), 2Pc:;;, 
021 (d), §Pm, 023 (fi), P, III {p) and iP, 113 (s) 

Fig 32 — Complex Chalcocite Twm, with 00 P, no {m) and |P, 112 {v) the Twmnmg 

Planes 

IS nearly black, but exposed surfaces are often tarnished blue or green, 
probably through the production of thin films of other sulphides hke 
covellite (CuS), chalcopyrite (FeCuS2), etc The mineral is an excel- 
lent conductor of electricity 

In the open tube or on charcoal chalcoate melts and yields sul- 
phurous fumes 

When mixed with Na2C03 and heated a copper globule is produced. 
The mineral dissolves m nitric acid with the production of a solution 
that yields the test for copper. 

Upon exposure to the air chalcoate changes readily to the oxide, 
cuprite (CU2O), and the carbonates, malachite and azurite. In the 
presence of siliaous solutions it may give nse to the silicate, chrysocoUa 

(P 441) . , 

A pseudomorph of chalcocite after galena is known as natrisiit^ 
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It occurs at the Canton Mine m Georgia and in the Polk Co copper 
mines in Tennessee Pseudomorphs after many other copper min- 
erals are common 

Chalcocite is recognized by its color and crystallization Massive 
varieties are distinguished from argentite by greater brittleness and the 
reaction for copper, from bormte (CusFeSs) by the fact that it is not 
magnetic after roasting 

Syntheses — Crystals of chalcocite have been made in many ways, 
more particularly by heatmg the vapors of CuCb and H2S, and by 
gently warmmg CuaO m H2S Measurable crystals have been observed 
on old bronze that has been immersed m the waters of hot springs for 
a long time 

Occurrence, Locahkes and Ongin — ^The mineral is a common prod- 
uct of the alteration of other copper compounds m the zone of secondary 
enrichment of sulphide veins. It is therefore present at most localities 
of copper inmerals One of the best known occurrences is Butte, 
Mont 

Fine crystals of chalcocite occur m veins and beds at Redruth and 
at other places in Cornwall, England, at Bristol in Connecticut, and 
at Joachimthal m Bohemia The massive variety is known at many 
places In the United States it occurs in red sandstone at Cheshire 
m Connecticut It is found also m large quantities near Butte City in 
Montana, and in Washoe and other counties in Nevada, and indeed 
m the vems of most copper produemg mines In Canada it is present 
with chalcop3n:ite and bormte at Acton, Quebec, and at several places 
in Ontario north of Lake Superior 

ExtracHon of Copper — Chalcocite rarely occurs alone in large 
quantity. In ores it is usually mixed with other compounds of copper, 
and IS treated with theui m extractmg the metal (see p. 133). 

Stromeyerite ((Ag Cu)2S) Is usually massive, but it occurs also in 
simple and twmned crystals similar to those of chalcocite Their axial 
ratio is 5822 I : 9668, almost identical with that of chalcocite The 
rtuneral is opaque and metaUic Its color and streak are dark steel- 
gray Its hardness is 2 5-3 and density about 62 It is soluble in 
nitnc acid It occurs associated with other sulphides in the ores of 
silver and copper mines at Schlangenberg, Altai, Kupferberg, Silesia, 
Coquimbo, Copiap6, and other places m Chile, and m a few mines in 
California, Arizona, and Colorado, 
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BLENDE GROUP 

The blende group of minerals comprises a series of compounds whose 
general formula like that of the galena group is RQ In the blendes R 
stands for Zn, Cd, Mn, Ni and Fe and Q for S, Se and Te 

The blendes are all transparent or translucent min erals of a lig hter 
color than galena They constitute an isodimorphous group of a dozen 
or more members crystallizing m the tetrahedral division of the regular 
S3^tem (hextetrahedral class), and m hemimorphic holohedral forms of 
the hexagonal system (dihexagonal-pyramidal class) The group may 
be divided into two subgroups known respectively as the sphalente 
and the wurtzite groups 


SPH ALERITE DIVISION 

The most important member of this division of the blende group is 
the mineral sphalerite. This, like the other less well knowm members, 
crystallizes in the hemihedral division of the regular system with vanous 
tetrahedrons as prominent forms The other members of the group 
are alahandite (MnS), and an isomorphous mixture of FeS and NiS, 
pentlandite 

Sphalerite (ZnS) 

Sphalerite, one of the very important zinc ores and one of the most 
interesting minerals from a crystallographic standpoint, occurs m amor- 
phous and crystalline masses and m handsome crystals and crystal groups 
Botryoidal and other imitative masses are common 

Pure white sphalente consists of 67 per cent of Zn and 23 per cent of 
sulphur The colored varieties usually contam traces of silver, iron, 
cadmium, manganese and other metals Sometimes the proportion of 
the impurities is so large that the mineral contammg them is regarded as 
a distinct variety Two analyses of American sphalerites are as follows 

S Zn Cd Fe Total 

Franklin Furnace, N J 32 22 67 46 tr 99 68 

Jophn, Mo 32 93 66 69 42 100 04 

The hemihedral condition of sphalerite is shown m the predommance 
of tetrahedrons among its crystal forms and by the symmetry of its 

etched figures (Fig. 33). Its most common forms are — ^C32i) and 

other hextetrahedrons, ±—(221), —(33^) other deltoid-dodeca- 

2 2 
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hedrons and ±303(311) and other tnstetrahedrons In addition, 
00 0 00 (100) and ooO(rio) are qmte common (Fig 34) Twins are 
abundant Their twinnmg plane is 0 and their composition face either 
0 (Fig 35), or a plane perpendicular to this Through twmning, the 
crystals often assume a rhombohedral habit 

The cleavage of sphalerite is perfect parrllel to ooO(iio) From a 
compact mass of the mmeral a fairly good dodecahedron may some- 
times be spht Its fracture is conchoidal When pure the mineral is 
transparent and colorless As usually found, however, it is yellow, 
translucent and black, brown, or some shade of red Its streak is 
brownish, yellow or white. The yellow masses look very much like 



Fig 33 — ^Tetrahedral Crystal of Sphalente Bounded by ooOoo (loi) and ±0 (in 
and III), Illustrating the Fact that Its Octahedral Faces Fall into Two Groups 

2Q7 

Fig 34 — Sphalente Crystal ooO, no (d), andH — j-, 31 1 (m) 

Fig 35 — Sphalente Octahedron Twinned about 0 (in) 

lumps of rosin. The hardness of sphalerite is between 3 5 and 4, and its 
density about 4 Its luster is resinous The minei al is difl&cultly fusible, 
and is a nonconductor of electricity Its mdex of refraction {n) for 
yellow hght is 2 369. 

Sphalerite when powdered always 3aelds tests for sulphur under 
proper treatment On charcoal it volatilizes slowly, coating the coal 
with a yellow sublimate when hot, turnmg white on cooling When 
moistened with a dilute solution of cobalt nitrate and heated in the 
reducing flame, the white coating of ZnO turns green The mineral dis- 
solves m hydrochloric acid, yielding sulphuretted hydrogen 

By oxidation sphalerite changes into the sulphate of zinc, and by 
other processes mto the silicate of zmc, calamme, or the carbonates, 
smithsonite and hydrozmate. 
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Syntheses —Sphalerite crystals have been made by the action of H^S 
upon zinc chloride \ apor at a high temperature They are also often 
produced in the flues of furnaces in which ores contammg zmc and sul- 
phur are roasted 

Occurrence mid Origin — Sphalerite occurs dissemmated through lime- 
stone, in streaks and irregular masses in the same rock, and m vems cut- 
ting crystalline and sedimentary rocks It is often associated ^th 
galena The material in the vems is often crystallized Here it is asso- 
ciated with chalcopyrite (CuFeS2), fluorite (CaF2), barite (BaS04), 
siderite (FeCOs), and silver ores When in vems it is m some cases the 
result of ascending hot w’-aters and m other cases the product of down- 
ward percolating meteoric water. Much of the dissemmated ore is a 
metamorphic contact deposit. 

Localities — Crystallized sphalerite is foimd abundantly at Alston 
Moor, Cumberland, England, at vanous places m Saxony, m the Bm- 
nenthal, Switzerland; at Broken Hill, N S Wales, and m nearly all 
localities for galena. Handsome, transparent, cleavable masses are 
brought from Pilos de Europa, Santander, Spam. Stalactites are 
abundant near Galena, 111 

The principal deposits of economic importance m America are those 
m Iowa, Wisconsin, Missouri and Kansas, where the sphalerite is asso- 
ciated with other zmc compounds and with galena formmg lodes m 
limestone, and at the silver and gold mmes of Colorado, Idaho and Mon- 
tana 

Extraction of the Metal — ^In order to obtain the metal from sphalerite, 
the ore is usually first concentrated by flotation or other mechamcal 
processes. The concentrates are then converted mto the oxide by roast- 
ing and the impure oxide is mixed with fine coal and placed m clay retorts 
openmg into a condenser. These are gradually heated The oxide is 
reduced to the metal, which bemg volatile distils over mto the con- 
denser, where it is safely caught. Other processes are based on wet 
chemical methods 

Uses of Zinc —Zmc is used extensively in galvanizing iron wire and 
sheets It is also employed m the manufacture of important alloys 
such as brass, and m the manufacture of zmc white, which is the oxide 
(ZnO), and other pigments A solution of the chloride is used for pre- 
servmg timber. Argentiferous zmc is the source of a considerable quan- 
tity of silver. 

Production— Thei figures showing the quantity of sphalerite pro- 
duced m the zinc-producmg countries are not available The total 
amount of metallic zmc produced m the year 1912 was 1,070,045 tons. 
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valued at $44,699,166, of which the United States produced from domestic 
ores 323,907 tons, and in addition used, m the making of zinc compounds, 
about 55,000 tons Of this aggregate, Missouri produced about 149,560 
tons Most of the metal was obtained from sphalerite, but a large 
part came from other ores The quantity of silver produced in refining 
zinc ores was 664,421 oz , valued at $408,619 

Alabandite (MnS) is isomorphous with sphalerite It usually 
occurs, ho-wever, in dense granular aggregates of an iron-gray color 
Its streak is dark green It is opaque and brittle Its hardness is 3-4 
and density 39 It is not an electncal conductor When heated on 
charcoal m the reducing flame it changes to the brown o\ide of man- 
ganese and finally melts to a brown slag It is soluble ui dilute HCl 
with the evolution of H2S Alabandite occurs with other sulphides at 
Kapnik, Hungary, at Tarma, Peru, at Puebla, Mexico, and m the 
United States at Tombstone, Arizona, and on Snake River, Summit Co , 
Colorado 

Pentlandite ((Fe Ni)S) may belong to this group Iron is frequently 
found m crystallized sphalerite Its sulphide, therefore, may be isomor- 
phous with sphalerite, in which case pentlandite, which is probably an 
isomorphous murture of NiS and FeS, would also belong in the sphal- 
erite group The mmeral occurs in light bronzy yellow, granular masses 
wnth a distinct octahedral cleavage, a hardness of 3 5-5 and a density of 
46 It IS a nonconductor of electricity Pentlandite occurs with 
chalcopyrite (CuFeS2) and pyrrhotite (FerSs), at Sudbury, Ontario, 
where it is probably the constituent that furnishes most of the nickel 
(see p 92) 

It IS distinguished from pyrrhotite, which it resembles in appearance, 
by its cleavage and the fact that it is not magnetic Moreover, it 
weathers to a brassy yellow color, while pyrrhotite weathers bronze 

WURTZITE DIVISION 

The wurtzite group comprises only two or three members, wurtMe 
(ZnS), greenoMe (CdS), and possibly pyrrhotite (Fe,iS„+i) All crys- 
tallize m the holohedral division of the hexagonal system and the first 
two are unquestionably hemimorphic (dihexagonal pyramidal class) 
Pyrrhotite is the most common. 

Wurtzite (ZnS) is one of the dimorphs of ZnS, sphalerite being the 
other. It occurs m brownish black crystals, m masses and m fibers 
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Its crystals are combinations of ooP(ioTo) vnth 2P(202i) and 
oP(oooi) at one end, and a series of steeper pyramids at the 
other Their axial ratio is i : 8175 The angle io 7 i aoiTi=4o° g\ 
2P(022 i) A 2P(022 i) = 52° 27' 

The mineral is brownish black to browmish yellow and its streak 
IS brown Its hardness is bet\veen 3 and 4 and its sp gr is about 4 
It conducts electricity very poorly In chemical and physical prop- 
erties it resembles sphalerite Its cr}stals ha\e been produced by 
fusmg a mixture of ZnS04, fluorite and barium sulphide They are 
frequently obser\’ed as furnace products 

Wurtzite occurs as cr}-stals at the original Butte Mme, Butte, 
Montana, and in a mme near Benzberg, Rhenish Prussia, at both 
places associated with sphalerite They also occur with silver ores near 
Oruro and Chocaya, Bolivia, and near Quispisiza, Peru 

Greenockite. — Greenockite (CdS) is completely isomorphous with 
wurtzite Its crystals have an axial ratio 
I * 8109 In general habit they are like 
those of wurtzite but they contam many more 
planes (Fig 36) The angle 
39° 58 Crystals are rare and small The 
mmeral usually occurs as a coating on other 
minerals, especially sphalerite Its color is 
honey to orange-yellow, its streak orange- Fig 36 —Greenockite Crys- 
yellow, and its luster glassy or resmous It tal 00 p, ioi<^(w), 2P, 
is transparent or translucent and is brittle 

Its hardness is 3-3 S density about 4 9 ip, (,) often pres- 

Its index of refraction «=2 688 When ent at the upper end of 

heated in the closed tube it becomes camime, the crystals ) 
but it changes to its ongmal color on coohng. 

It yields the usual reactions for sulphur and cadmium, and dissolves 
m HCl, yielding H2S 

Crystals have been obtained by meltmg a mixture of CdO, BaS, 
and CaF2, and by heatmg cadmium m an atmosphere of H2S to near 
fusmg pomt The mineral is a common furnace product Greenockite 
crystals occur with prennite at Bishoptown, Scotland, and as coatmgs 
on sphalente m the zinc regions of Missouri and Arkansas, and at 
FriedensviUe, Pennsylvania. 
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Pyrrhotite (FenSn+i) 

Pyrrhotite, or magnetic pyrite, occupies the anomalous position 
of being one of the most important ores of nickel, whereas it is essen- 
tially a sulphide of iron The name is really applied to a series of 
compounds whose composition ranges between FesSo and FeioSir 
The crystallized material is m some cases FerSs, and in others, FeiiSi2 
It is probably a sohd solution of FeS2 or S in the sulphide of iron (FeS) 
As usually found, pyrrhotite is in bronze-gray granular masses, that 
tarnish rapidly to bronze on exposure to the air Good crystals of 
the mmeral are rare. 

Analyses of pyrrhotite vary widely The percentages of Fe and S 
corresponding to FeySg are Fe, 6o 4, S, 39 6, and those corresponding 
to FeiiSi2 are Fe, 61 6, S, 38 4 Much of the mmeral contains in addi- 
tion to the iron and sulphur sufficient nickel to render it an ore of this 
metal, but it is probable that the nickel is present in pentlandite (see 
p 90) or some other nickel compound embedded in the pyrrhotite 

Analyses of pyrrhotite from various localities are 



s 

Fe 

Co 

Ni 

Total 

Schneeberg, Saxony 

39 10 

6r 77 

tr 


100 87 

Brewster, N Y 

37 98 

61 84 


25 

100 07 

Sudbury, Ontario 

38 91 

56 39 


4 66 

99 96 

Gap Mme, Penn. 

38 S 9 

55 82 


5 59 

roo 00 


The few crystals of pyrrhotite known are distinctly hexagonal in 
habit with a c=i 17402 They are com- 
monly tabular or acutely pyramidal, but it 
has not been established that they are hemi- 
morphic, although the almost universal pres- 
ence of FeS in crystals of wurtzite would 
Fig 37 — Pj^hotite Crystal m^cate that the two substances are isomor- 

4P, 4041 («), and OOP, plio'is The tabular crystals possess a broad 
loTo (w) basal plane, which surmounts hexagonal pnsms 

ooP(ioTo) and ooP2(ii2o), and a senes of 
pyramids, of which 2P(202i), iP(roi2), P(ioTi) and P2(ri22) are the 
most frequent (Fig 37) The angle roll aoiTi = S3° ii' 

The cleavage of pyrrhotite is not always equally distinct When 
marked it is parallel to ooP2(ii2o) There is also often a parting 
parallel to the base Its fracture is uneven The mineral is bnttle. 
It is opaque, and has a metalhc luster Its color vanes between bronze- 
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yellow and copper-red, and its streak is grayish black Its hardness is 
a little less than 4 and its density about 4 5 All specimens are magnetic 
but the magnetism varies greatly m mtensity, bemg at a maximum m 
the direction of the vertical axis The mineral is a good conductor of 
electricity. 

Pyrrhotite gives the usual reactions for iron and sulphur, and some- 
times, in addition, the reactions for cobalt and nickel It is decom- 
posed by hydrochloric acid with the evolution of H2S, which may 
easily be detected by its odor. 

From the many sulphides more or less closely resemblmg pxTrhotite 
in appearance, this mineral may easily be distinguished by its color 
and density and by its magnetism 

Syntheses — Crystals may be obtained by heating iron wire or 
Fe304, or dry FeCk to redness m an atmosphere of dry HoS and by 
heatmg Fe m a closed tube with a solution cf FcCb saturated with 
H2S 

Occurrence, Localthes and Origin — ^Pyrrhotite occurs completely 
filling vem fissures, and also as crystals embedded m other mmerals 
constituting vems It occurs also as impregnations in various rocks 
and as a segregation in the coarse-gramed basic rock known as norite, 
where it is believed to have separated from the magma produemg the 
rock It may also in some cases be a product of metamorphism on the 
borders of igneous intrusions 

It IS found at Andreasberg, Harz, Bodenmais, Bavaria, Mmas 
Geraes, Brazil, various points m Norway and Sweden, and on the 
lavas of Vesuvius In North America crystals occur at Standish, Maine, 
at Trumbull, Monroe Co , N Y , and at Elizabethtown, Ontario 
The mineral has been mmed at Ducktown, Tenn , at Ely, Vermont, 
and at Gap Mine, Lancaster Co , Penn 

Its mines at present, however, are at Sudbury, in Ontario, where the 
mineral is associated with magnetite, chalcopynte and pentlandite 
((Fe Ni)S) on the lower border of a great mass of igneous rock (norite). 
Besides these there are present also embedded m the p3nThotite 
small quantities of other mmerals, so that the ore as mmed is very 
complex. 

l^rhotite IS sometimes found altered to pyrite, to limomte and to 
siderite (FeCOs) 

ExtracHon — ^P5nrrhotite is crushed and roasted to drive off the 
greater portion of the sulphur It is then placed m a furnace and 
smelted with coke and quartz The nickel, copper and some of the 
iron, together with some of the fused sulphides, collect as a matte m the 
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bottom of the furnace from which it is withdrawn from time to time 
The matte is next roasted to transform the iron it contains into oxides 
and the remaining nickel and copper are separated by patented or secret 
methods 

Uses — ^The mineral is sometimes worked for the sulphur it con- 
tains Its principal use, however, is as a source for nickel, nearly all of 
this metal used m America coming from the nickeliferous variety found 
at Sudbury, Ontario 

The metal nickel has come into extensive use in the past few years 
in connection with the manufacture of armor plate for warships The 
addition of a few per cent of nickel to steel hardens it and increases 
its strength and elasticity 

Nickel is also extensively used in nickel-plating and in the manufac- 
ture of alloys German silver is an alloy of nickel, copper and zinc The 
nickel currency of the United States contains about 25 per cent Ni and 
75 per cent Cu Monel metal is a silver-white alloy containing about 
75 per cent Ni, i per cent Fe and 29 per cent Cu It is stronger than 
ordmary steel, takes a brilliant finish and is impervious to acids It is 
made directly at Sudbury, Ont , by smelting 

Production — ^The production of pyrrhotite and chalcopyrite (CuFeS) 
at the Sudbury mmes in 1912 amounted to 737,584 short tons The 
value of the matte produced was $6,303,102, and the value of nickel con- 
tained in it was about $16,000,000 About half of the nickel was used 
m America, the remamder, amountmg to $8,515,000, was exported, after 
being refined in the United States Formerly the United States pro- 
duced a considerable quantity of nickel from domestic ores, most of 
It from pyrrhotite, but the mines have been closed down within the past 
few years. It is, however, produced as a by-product in the refining 
of copper ores to the amount of about 325 tons annually, This is worth 
about $260,000 (see also p. 400). 

MILLERITE GROUP 

This group comprises sulphides, arsenides and antimonides of nickel. 
It includes the mmerals milleriie (NlS),mc(;oZ^i^e (NiAs), ante (Ni(Sb • As)) 
hre%thauphte (NiSb) and a itVr others Of these only millerite and nic- 
colite are at all common The minerals all crystallize m the hexagonal 
system, possibly in the rhombohedral division (ditrigonal scalenohedral 
class). Well defined crystals are, however, rare and often capillary so 
that their symmetry has not been determined with certainty. 



SULPHIDES, TELLURIDES, ETC 


95 


MiUerite fNiS) 

Millerite is easily recognized by its brass-yellow color It occurs 
most frequently in slender hair-like needles, often aggregated mto tufts 
or radial groups, or, woven together like wads of hair, formmg coatmgs 
on other mmerals 

Pure millerite contains 35 3 per cent sulphur and 64.6 per cent mckel 
It frequently contains also a little Co and Fe. 

Crystals are thin, acicular or columnar with prismatic and rhom- 
bohedral faces predominating, and an axial ratio of i 330, or of i : 9886 
if the rhombohedron 3R(o33i) is taken as the ground form 

The mineral is elastic Its hardness is 3-3 5 and density about 5 5. 
It IS opaque and brassy yellow” Its streak is greenish black. It is an 
excellent conductor of electricity 

The mineral yields sulphurous fumes m the open tube. After roast- 
ing It gives, with borax and microcosmic salt, a violet bead w”hen heated 
m the oxidizing flame of the blowpipe On charcoal with NaaCOs it 
yields a magnetic globule 

Synthesis — Bunches of yellow acicular crystals of NiS have been 
formed by treatment of a solution of N1SO4 with H2S, under pressure. 

Localities — Millerite occurs as long acicular cr\”stals m cavities m 
other minerals at Joachimthal, m Bohemia, and at many places in 
Saxony In the United States it forms radiating groups m ca\ities in 
hematite (Fe203) at Antwerp, NY At the Gap Mme, Lancaster Co , 
Penn , it forms coatmgs on other mmerals and at St Loms, Mo and 
at Milwaukee, Wis , it occurs m dehcate tangled tufts m geodes m lime- 
stone. Nowhere does it occur m sufficient quantity to constitute an ore. 

Niccolite (NiAs) 

Niccolite usually occurs massive, though crystals are known It is 
of econonuc importance only m a few localities 

Theoretically, the mineral contains 56 10 per cent As and 43 90 per 
cent Ni, but as usually found it contains also Sb, S, Fe and often small 
quantities of Co, Cu, Pb and Bi 

Its crystals, which are rare, are hexagonal and hemimorphic (prob- 
ably dihexagonal pyramidal class), with a : c=i : 8194 The prism 
ooP(ioTo), and oP(oooi) are the predommant forms, with the 
P3n:amids P(ioTi) and ^P(so57) less well developed The angle 
loTi 12'. 

The mineral is pale copper-red and opaque It has a brownish 
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black streak. Its hardness is about s and its density 7 6 The surfaces 
of nearly all specimens are tarnished with a grayish coating The irin- 
eral is a good conductor of electricity 

In the open tube niccolite yields arsenic fumes and often traces of 
SO2 On charcoal with Na2C03 it yields a metallic globule of nickel 
It dissolves in HNO3 with the precipitation of AS2O3 The apple-green 
solution, thus produced, becomes sapphire-blue on addition of ammonia 
Its peculiar light pink color and its reactions for arsenic and nickel 
disting uish niccolite from all other minerals, except, perhaps, hrett" 
hauphte^ which, however, contains antimony 

Occurrence —Niccohte occurs principally in veins in crystalline 
schists and m metamorphosed sedimentary rocks, associated with silver 
and cobalt sulphides and arsenides 

LocdtHes — ^The principal locahty for niccolite in North America is 
Cobalt, Ontario, where it is found with native silver and silver, cobalt, 
and other nickel compounds, all of which are thought to have been de- 
posited by hot waters emanating from a mass of diabase In Europe it 
is abundant at Joachimsthal m Bohemia, and at a number of other 
places m small quantity 

Although rich in nickel, the mmeral is not used as an ore at present, 
except to a very minor extent, most of the nickel of commerce being 
obtamed from other compounds (see p 94) 

Breithauptite (NiSb) is rare It is of a light copper-red color, much 
brighter than that of niccolite, and its streak is reddish brown Its hard- 
ness is 5 5 and density about 7 9 Its crystals are hexagonal tables 
with an axial ratio i i 294, and a distinct cleavage parallel to oP(ooi) 
It usually occurs m dendritic groups, in foliated and finely granular 
aggregates and in dense masses It is a frequent furnace product, when 
ores containmg Ni and Sb are smelted It is found at Andreasberg, Harz, 
at Sarrabus, in Sardinia, at Cobalt, Ont , and at a few other places It 
is distmguished from mccohie by its deeper color and its content of Sb. 


Covelhte (CuS) 

Covellite, or indigo copper, is the cupric sulphide, chalcocite being 
the correspondmg cuprous salt It is called inigo copper because of 
the deep blue color of its fresh fracture. It is often mixed with other 
copper compounds from which it has been derived by alteration It 
usually occurs massive, but crystals are known It is an unimportant 
ore of copper. 
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The theoretical composition of the mineral is 33 56 per cent S, 
66 44 per cent Cu It usually, however, contains also a little iron and 
often traces of lead and silver 

Crystals of covellite are not common. They are hexagonal 
a c = I 3 972 and their habit is usually tabular The forms observ^ed 
are oP(oooi), 00 P(iolo), P(ioli) and JP(ioT4) loTi 42'. 

The mineral has one perfect cleavage parallel to oP(oooi) In 
thin splinters it is flexible Its hardness is i 5-2 and density about 
4 6 Its color is dark blue and its streak lead-gray to black It is 
opaque, with a luster that is sometimes nearly metallic, but more 
frequently dull It is a good electrical conductor 

The blowpipe reactions of covellite are hke those of chalcocite, 'v\ith 
these exceptions Covellite burns with a blue flame when heated on 
charcoal, and yields a sublimate of sulphur m the closed tube 

Covellite IS distmgmshed from other minerals than chalcocite by 
Its reactions for Cu and S and the absence of reactions for Fe. It is 
distinguished from chalcocite by its color and density and by the fact 
that it Ignites on charcoal 

Syntheses — The treatment of green copper carbonate with w^ater 
and H2S m a closed tube at So°-go° yields small grains of covellite 
The mineral has also been produced by the action of H2S upon vapor 
of CuCl2, and by treating sphalerite wnth a solution of copper sulphate 
in a sealed glass tube contaimng CO2 at a temperature of iso°~i6o® 
for two days 

Localities and Origin — ^The mmeral is comparatively rare It is 
abundant in Chile and Bohvia and at Butte, Mont , and is found in 
crystals on the lava of Vesuvius and elsewhere It usually occurs as 
an alteration product of other copper-sulphur compounds, especially in 
the zone of secondary enrichment of copper vems 

Uses — ^It is mined with other compounds and used as a source 
of copper, 

CINNABAR GROUP 

This group comprises sulphides, selenides and tellundes of mercury 
The group is dimorphous, with its members crystaUizmg in henuhedrons 
of the isometric system (hextetrahedral class) and in tetartohedrons 
of the hexagonal system (trigonal trapezohedral class) The isometric 
HgS is kn own as metocmnahante and the hexagonal form as cinnabar 
Only the latter is important In addition to these are known the rare 
compounds onofrite (Hg(S Se)), tiemanniie (HgSe) and coloradoite 
(HgTe), all of which are isometric 
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Cinnabar (HgS) 

Cinnabar is the only compound of mercury that occurs in sufficient 
quantity to constitute an important ore Nearly all of the mercury, 
or quicksilver, m the world is obtained from it The mineral occurs 
both crystallized and massive The ore is a red crystalline mass that 
is easily distinguished from all other red mmerals by its peculiar shade of 
color and its great weight. 

Theoretically, it contains 13 8 per cent S and 86 2 per cent Hg 
Massive cinnabar is, however, usually impure through the admixture 
of clay, iron oxides or bituminous substances Occasionally the quan- 
tity of organic material present is so large that the mixture is inflam- 
mable. 

Though cinnabar is usually granular, massive or earthy, it some- 
times occurs beautifully crystallized 
m small complex and highly modi- 
fied hexagonal crystals that exhibit 
tetartohedral forms (trigonal trape- 
7-^ — zohedral class) Usually the crys- 
r tals are rhombohedral or prismatic 

in habit Their axial ratio is 
I . I 1453 Planes belonging to 
more than 100 distinct forms have 

Fig 38 -Cinnabar Crysulswith «R, observed, but the cr3^stals on 

loTo (to), JR, 404s (1), JR. 202s which they occur aic usually so 
(/), R, loTi W andoR, 0001 (c) small that few of them arc of im- 
portance as distinguishing charac- 
teristics. The prismatic crystals, which are the most common in 
this country, are often bounded by 00 R, (loTo) and JR, (4045) 
(Fig 38) Others, however, are very complicated Their cleavage is 
perfect parallel to 00 R(ioTo). 

The mineral is slightly sectile It is transparent, translucent or 
opaque, is of a cochmeal-red color, often inclining to brown, and its 
streak is scarlet Its hardness is only 2-2 5 and its density about 
81 It is circularly polarizmg and is a nonconductor of electricity 
Its dimorph, metaemnabante, on the other hand, is a good conductor 
The indices of refraction of cinnabar are cos= 2 854, €=3 201 

When heated gently in the open tube cinnabar yields sulphurous 
fumes and globules of mercury. On charcoal before the blowpipe it 
volatilizes completely. 

There are only a few mmerals with which emnabar is likely to be 
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confused, since its color and streak are so charactenstic From all 
red minerals but realgar it may easily be distinguished by its sulphur 
reaction From realgar it is distmguished by its great density and its 
greater hardness 

Pseudomorphs of cinnabar after stibnite, dolomite ((Ca MglCOsi, 
pynte and tetrahednte (a complicated sulpho-salt) have been descnbed 

Synthesis — Crj’stals ha\ e been made b> heatmg mercury in an aque- 
ous solution of H2S 

Occurrence Localities and On gin — Cmnabar is usually found in 
vems cuttmg serpentine, limestones, slates, shales and \arious schists 
It IS associated \Mth gold, various sulphides, especially p}Tite and mar- 
casite (FeS2) calcite (CaCOs), barite (BaS 04 ), fluorite (CaF2) and 
quartz It is also found impregnating sandstones and other sedimen- 
tziy rocks, and sometimes as a deposit from hot springs Its deposi- 
tion is thought to be the result of precipitation from ascendmg hot 
T^ater 

Crystallized cmnabar occurs at a number of places m Bohemia, 
Hungar}% Serbia, Austria, Spam, California, Texas, Nevada, and at 
ether localities m Europe Asia and South America 

The prmcipal deposits of economic importance are at Almaden 
m Spam, at Idria m the Province of Camiola, Austria, at Bakhmut 
m southern Russia, at various points along the Coast Ranges in Cal- 
ifornia, m Esmeralda, Humboldt, Nye and Washoe Counties in Nevada, 
at many pomts in Oregon and Utah, and at Terhngua m Texas The 
mmeral is also abundant m Peru and m Chma but in these countries 
It has not yet been mmed profitably The California cmnabar district 
extends for many miles along the Coast Ranges, but at only about a 
dozen places is the mmeral mmed 

The Spanish mmes, near the city of Cordo\a, have been -^vorked 
for many hundreds of years Much of the ore is an impregnation of 
sandstone and quartzite — the mmeral sometimes compnsing as much 
as 20 per cent of the rock mmed 

Extraction — ^The metallurgy of cmnabar is exceedmgly simple It 
consists simply m roastmg the ore alone, or mixed \vith limestone, and 
conducting the fumes into a condensmg chamber that is kept cool. 
The sulphur gases are allowed to escape through the chamber m which 
the mercury is collected 

Uses of Metal — Mercury finds many uses in the arts Its most im- 
portant one is m the extraction of gold and silver by the amalgamation 
process It is the essential constituent of the pigment venmhon, which 
is a manufactured HgS. In its metallic state it is largely employed in 
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the making of mirrors, of barometers, thermometers and other physical 
instruments Some of the salts are important medicinal preparations 
while others are used in the manufacture of percussion caps 

Production — ^The w orld's annual production of quicksilver, all of 
which IS obtained from cinnabar, is not far from 4,000 metric tons The 
United States produced 940 tons in 1912, valued at $1,053,941 Of this 
total California yielded 20,524 flasks of 75 lbs each, valued at about 
$863,034, and Texas and Nevada 4,540 flasks valued at $190,907 To 
produce these quantities of metal California mined 139,347 of ore 
and Texas and Nevada 16,346 tons The California ore yielded ii lbs 
of metal per ton and the Nevada and Texas ore 20.8 lbs. 

Metacinnabarite (HgS) is generally found as a gray-black massive 
mineral with a black streak It is brittle, has a hardness of 3 and a 
density of 7 8 It is associated with cinnabar at some of the mines in 
California and Mexico, and at a few places in other countries It is 
exceedmgly rare. 

THE METALLIC DISULPHIDES, DISELENIDES AND DIARSENIDES 

The disulphides, diselenides, ditellurides, diarsenides and dianti- 
monides differ from the corresponding monocompounds m that they 
contam double the quantity of S, Se, Te and Sb They are divisible 
mto two groups, one of which comprises sulphides, arsenides and anti- 
monides of iron, manganese, cobalt, nickel and platinum, and the other 
the tellurides and selenides of gold and silver. 


GLANZ GROUP 


The glanz group is an excellent illustration of an isodimorphous group. 
Its members are characterized by their hardness, opaqueness, light color 
and brilliant luster. Hence the name of the group In composition 
the mmerals belonging to the group are sulphides, arsenides or anti- 
monides of the iron-platmum group of metals, with the general formula 
RQ2 m which R is Mn, Fe, Ni, Co, Pt, and Q=S, As and Sb The com- 
position of the more simple members may be represented by the formula 


/S 

Fe<^ I , and of those in which arsenic or antimony replaces a part of the 
S by the formula Fe<^ 


/As — ^As\ 

>Fe. 
''S — 3/ 


It is probable, however, that some of the cobalt and nickel arsenides 
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are mixtures and that their indicated compositions are only approximate 
AU members of the group are beheved to be dimorphous, crj'stallizmg 
m the isometric (dyakisdodecahedral class), and m the ortWhombic 
systems (orthorhombic bipyramidal class), though not all have as yet 
been foimd in both forms The most important members of the group, as 
at present constituted, are as follows 


Isometnc 


Orthorhombic 

Pyrite 

FeS2 

Marcasite 

Eauente 

MnSz 



Fe*\sS 

Arsenopyrite 


FeAs2 

Lollingite 

Cobaltite 

CoAsS 

Glaucodot 

Gersdorfite 

(Ni Fe)AsS 


Korynite 

(Ni Fe)(As Sb 8)2 

Wolfachite 

JJllmamte 

NiSbS 


Smaltite 

CoAS2 

Safflorite 

Chloanthite 

Nl.\S2 

Rammdsbergite 

Sperryhte 

PtAS2 



The group is divided mto two subgroups, the regularly crj^stallmng 
mmerals formmg the p\T:ite group and the orthorhombic ones the mar- 
casite group The most important members of the former group are 
pyrtte, cobaltite, smaltite and chloanthite The most important members 
of the marcasite group are marcasiic, arsenopyrite and lolhftgite. 


PYRITE DI\1SI0:Y 


The crystallization of the pyrite group is in the parallel hemihedral 
division (dyakisdodecahedral class) of the isometric system. The 


occurrence of the form 



, 210, is so frequently seen on the mineral 


P3n:ite that it has received the name pyritoid 

The group is so perfectly isomorphous that a description of the forms 
on one member is pracUcaUy a description of the forms on all. 


Pynte (FeS2) 

Pyrite, one of the most common of all minerals, is found under a 
great vanety of conditions as crystals, as crystallme aggregates and 
as crystallme masses It occurs under practically all conditions and in 
all situations It is easily recognized by its bright yellow color, its 
brilliant luster and its hardness. 



102 


DESCRIPTIVE MINERALOGY 


Pyrite containing, theoretically, 46 6 per cent of iron and S3 4 per 
cent of sulphur is usually contaminated with small Quantities of nickel, 



Fro 39 — Group of Pynte Crystals m which the Cube Predominates 


are striated parallel to the edge between 00 0 00 (100) and 



The irystdls 
, (210) 


cobalt, thallium and other elements An auriferous vdricly is worked 
for gold, 3nelding in the aggregate a large quantity of the jirecious 



Fig 40 l«xc, 41 

Fig 40 —Pynte Crystals on which 0 (in) Predon mates o= 0 , 11 1 and 00 O2 

210 

Fig 41 —Pynte Crystal with eo O2, 210 (c) and 0 , in (a) 

metal Sometimes arsenic is present in small quantity Analysis of 
the crystals from French Creek, Penn , gave 

8=5408, As=o 20, Fe=44 24, Co=i 75, Ni=o 18, Cu=oo5, =100 50. 
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The number of forms that have been obsen-ed on p\*nte m-stals is 

sc Oil 


very large Hintze records 86 The cube and the pj-ntoid 


L 2 



Fig 42 — Group of Pynte Crystals in ivhich 00O2 (210) Predominates From 
Daly-Judge Mme, near Park City, Utah {After J W Bmtt'U'eU ) 


(210) are the most common of these, though the octahedron and the 
dodecahedron are not rare Four distmct tjpes of crj'stafe may be 
recognized, viz those with the cubic (Fig 39), 
the octahedral (Fig, 40), and the pyntoid 
habits (Figs 41 and 42), and those that are 
interpenetrating twins (Fig 43) The cubic 
and the p3nitoid planes are often stnated 
parallel to the edges between these faces The 
interpenetratmg twms are twinned about the 
plane O(iii) 

The cleavage of pynte is imperfect and 
Its fracture conchoidal. The mmeral is -Tynte Interpene- 

bnttle Its hardness is 6-6 s and density toids( 0002,210) Twinned 

about 5. Its luster is very brilliant and about O m 

metallic Its color is brassy yellow and its 

streak greenish or brownish black With steel it strikes fire, hence its 
name from the Greek word meanmg fire. It is a good conductor of 
electricity and is strongly thermo-electric. 




In the closed tube pynte yields a sublimate of sulphur and a residue 
that IS magnetic On charcoal sulphur is freed This burns with the 
blue flame characteristic of the substance The globule remaining after 
heating for some time is magnetic Treated with nitric acid the 
mineral dissolves leaving a flocculent residue of sulphur, which when 
dried and heated may readily be ignited 

P3n:ite m some of its forms so closely resembles gold that it is often 
known as fool’s gold There is, of course, no difficulty in distinguishing 
between the two metals, since pyrite contains sulphur and is soluble in 
nitric acid, while gold contains no sulphur and is insoluble in all simple 
acids. 

The mineral is most easily confounded with chalcopynk (CuFeS>), 
though the difference in hardness of the two easily serves to distinguish 
them Chalcopynte may be readily scratched with a knife blade or a 
file, while pyrite resists both The latter mineral, moreover, contains 
no copper 

Syntheses — Small crystals of p3n‘ite are produced by the action 
of H2S on the oxides or the carbonate of iron enclosed in a sealed tube 
heated to also by the passage of H2S and FeCla vapors through 

a red-hot porcelain tube. 

Occurrence and Origin — ^Pyrite occurs in veins and as grams or 
crystals embedded m all kinds of rocks. In rocks it usually appears as 
crystals, but m vem-masses it may appear either as crystals, with other 
minerals, or as radiatmg or structureless masses occupying entirely the 
vem fissures In slates it often occurs m spheroidal nodules and 
concretions of various forms, and also as embedded crystals The 
mmeral is the product of igneous, metamorphic and aqueous agencies 
Pyrite weathers readily to lunomte. In ore bodies near the 
surface it is oxidized. A portion of the mineral changes to FeS 04 
which percolates downward and aids in the concentration of any 
valuable metals that may be present in small quantity in the ore. 
Another portion of the iron remams near the surface m the form of 
lunonite This covering of oxidized material is known as the gossan ” 
and it is characteristic of all pynte deposits 

Localities — ^Pyrite crystals are so widely distributed that but very 
few of its most important occurrences may be mentioned here In the 
mmes of Cornwall, Eng , and in those on the Island of Elba very large 
crystals are found Fme crystals also come from many different places 
in Bohemia, Hungary, Saxony, Peru, Norway, and Sweden 

In the United States the finest crystals are at Schoharie and Rossie, 
N Y ; at the French Creek mmes in Chester Co , and at Cornwall, 



SULPHIDES, TELLURIDES, ETC 


105 


Lebanon Co , Penn , and near Greensboro and Guilford Co , X Carolina 
Massive p^Tite occurs m great deposits at the Rio Tin to mines in 
Spain, at Rowe, Mass , m St Lawrence and Ulster counties, X Y , 
m Louise Co , \^a , and m Pauldmg Co , Ga iluch of the massive 
p}Tite in the vems of Colorado, California and of the southern states, 
from Virgmia to Alabama, is auriferous and much of it is mined for the 
gold it contams 

Uses — P}Tite IS used prmcipally m the manufacture of sulphuric 
acid The mmeral is burned m furnaces and the SO2 gases thus result- 
mg are carried to condensers where they are ondized by finel\ divided 
platmum or by the oiides of nitrogen The residue, which consists 
largely of FeiOa, is sometimes smelted for iron or made into paint 
This residue also contams the gold and other \aluable metals that ma}' 
have been m the origmal p}Tite. 

The sulphuric acid obtamed from p\Tite enters into many manu- 
facturmg processes The greater portion of it is consumed m the 
artificial fertilizer industry 

Production — ^Pynte is mmed m the United States m Franklm Co , 
Mass , in Alameda and Shasta Counties, Cahfornia, m Louisa, Pulaski 
and Prince William Counties, Va , m Carroll Co , Ga , m St Lawrence 
Co , N Y , in Clay Co , Alabama, and at the coal mines m Ohio. 
Illmois and Indiana w^here it is a by-product The total production 
of the United States m 1912, amounting to 330,928 long tons, w^as 
\alued at $1,334,259 Virgmia is by far the largest producer In 
addition to this quantity the trade consumed 970,785 tons of imported 
ore, most of which came from Spam, and utilized the equivalent of 
260,000 tons of pynte m the shape of low’ grade sulphide copper ores 
from Ducktowm, Tenn , and zinc sulphide concentrates from the Mis- 
sissippi Valley and elsew^here for the manufacture of sulphuric acid. 
The total amoimt of sulphuric acid manufactured m the United States 
during 1912 was 2,340,000 short tons, valued at $18,338,019 The total 
world production of p}Tite is about 2,000,000 tons annually 

Small quantities of the mineral are also mmed for local consumption 
in Lumpkm Co , Georgia, and near Hot Sprmgs, Arkansas Much 
aunferous pyrite has also been mined in the southern states and the 
Rocky Mountain region for the gold it contains This metal is sepa- 
rated from the pyrite partly by crushing and amalgamation and partly 
by smelting or by leachmg processes. In the former case the gold 
occurs as inclusions of the metal m the pynte. 
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Cobaltite (CoAsS) 

Cobaltite is a silver-white or steel-gray mineral occurring in massive 
forms or in distinct crystals exhibiting beautifully their hemihedral 
character It is completely isomorphous with the corresponding nickel 
compound, gersdorffite (NiAsS), and consequently mixtures of the 
two are common 

Cobaltite usually contains some iron and often a little nickel 
Theoretically, it consists of 19 3 per cent S, 45 2 per cent As and 355 
Co The compositions of a massive variety from Siegcn, Westphalia, 
and that of crystals from Nordmark, Norway, are as follows 



As 

s 

Co 

Fe 

Ni 

Total 

Siegen 

45 31 

19 35 

33 71 

I 63 


100 00 

Nordmark . 

44 77 

20 23 

29 17 

4 72 

I 68 

100 57 


The crystallization of cobaltite is perfectly isomorphous with that 
of pynte, though the number of its forms observed is far smaller The 


most common planes are those of ooOoo(ioo),0(iii) and 



(210) 


The cleavage of cobalt is fairly good parallel to 00 0 cjo (100) Its 
fracture is uneven, its hardness is 5 5 and its density about 6 2 The color 
of the mineral, as stated above, varies between silver-white and steel- 
gray Its streak is grayish black It is a good conductor of electricity 
In the open tube cobaltite reacts for S and As On charcoal it 
yields a magnetic globule which when fused with borax on platinum 
wire yields a deep blue bead It weathers fairly readily to the rose- 
colored cobalt arsenate known as erythnte (Co3(As04)2 8H2O) 

By Its crystallization and color cobaltite is distinguished from 
nearly all other minerals but those of the same group From most of 
these It is easily distinguished by its blowpipe reactions foi sulphur, 
arsenic and cobalt 

Occurrence and Origin — Cobaltite occurs mainly in veins that are 
believed to have been filled by upward moving solutions emanating 
from igneous rocks It is associated with compounds of nickel and other 
cobalt compounds and with silver and copper ores 

Locahkes — Cobaltite is not very widely distributed Large, hand- 
some crystals occur at Tunaberg m Sweden, at Nordmark, Norway, 
at Siegen, Westphalia, and near St Just in Cornwall, England It is 
found also in large quantity at Cobalt, Ontario, assoaated with silver 
ores and nickel compounds 
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Uses — Cobaltite is said to be used b\ jewelers in India m the pro- 
duction of a blue enamel on gold ornaments It is employed also in the 
manufacture of blue and green pigments and in the manufacture of com- 
pounds used in small quantity in the various arts Smalt is the most 
valuable of the cobalt pigments and is at present the chief commercial 
compound of this metal It is a deep blue glass that differs from 
ordinary glass in containing cobalt m place of calcium Smalt is made 
from cobaltite and from other cobalt ores b\ fusion w ith a mixture of 
quartz and potassium carbonate Certam cobalt compounds are sug- 
gested as excellent driers for oils and vamis>hes The mineral is also 
utilized as an ore of cobalt, w hich m the form of stellite, an alloy com- 
posed of 70 per cent cobalt, 15 per cent chromium and 15 per cent 
molybdenum or tungsten, bids fair to acquire a large use as a material 
for the manufacture of table cutlery" and edged tools The use of the 
metal has also been suggested as a material for comage in place of 
nickel. 

Production — Most of the cobalt of commerce is handled by the 
trade m the form of the oxide It is produced from the \ arious cobalt 
imnerals, mainly as a by-product in the extraction of nickel, and hence 
ver> little is obtained from cobaltite The mines at Cobalt, however, 
have furnished a large quantity of cobaltite and smaltite within the past 
few" years and these have gone into the manufacture of the oxide, of 
which about 515 tons were produced in 1912, ha\ing a \alue of 
$317,165 

Smaltite (CoAsi) 

Smaltite is another important ore of cobalt It is found in crx'stals 
and masses 

Its theoretical composition is 71 88 per cent As and 28 12 per cent 
Co, though it usually contains also S, Ni, Fe and frequently traces of 
Bi, Cu and Pb Since it is isomorphous with the arsenide of nickel 
chloanthite (N1AS2), mixed ciy^stals of the two are common ^loreover, 
sharply defined ciy^stals have been found to consist of mechanical mix- 
tures of several compounds 

Smaltite occurs m small crystals of cubical habit wnth 00 O 00 (100), 
O(iii) and various p3n:itoids predommatmg 

The mineral is tm-w"hite to steel-gray, and opaque, and has a grajnsh 
black streak It is often covered with an iridescent or a gray tarnish. 
Its cleavage is mdistmct, its fracture uneven, its hardness 5-6 and 
density 6 3-7 It is a good electrical conductor 

Before the blowpipe on charcoal smaltite yields arsemc fumes and a 
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magnetic globule of metallic cobalt It is soluble m HNO3, yielding a 
rose-colored solution and a precipitate of AS2O3 

The mineral is fairly easily distinguished from most other minerals 
by its color and blowpipe reactions From cobaltite it is distinguished by 
the lack of S From a few others that are not described in this volume 
It can be distinguished by its crystallization or by quantitatn e analysis 

Synthesis — Smaltite crystals are produced when hydrogen acts at a 
high temperature upon a mixture of the chlorides of cobalt and arsenic 

Occurrence and Origin — Smaltite is found associated with cobaltite 
in nearly all of its occurrences It is especially abundant at Cobalt, Out 
As in the case of most other cobalt minerals, its presence is indicated by 
deposits of rose-colored erythrite w'hich coat its surfaces w'herever these 
are exposed to moist air Its methods of occurrence, origin and uses 
are the same as for cobaltite (p 107). 

Chloanthite (NiAso) resembles smaltite in most of its characteris- 
tics The two minerals grade into each other through isomoqAous 
mixtures Those mixtures in which the cobalt arsenide is in excess 
are known as smaltite, while those m which NiAs predominates arc 
called chloanthite The pure chloanthite molecule is Ni= 28 i per cent, 
As=7i 9 per cent 

The two minerals can be distinguished when unmixcd w^ilh one 
another by the blowpipe reactions for Co and Ni In mixed ciysUls 
the predominance of one or the other arsenides can be determined only 
by quantitative analysis 

Chloanthite containing much iron is distinguished as chathamite, 
from Chatham, Conn , where it occurs with arsenopynte and niccobte in 
a mica-slate 

The mode of occurrence of chloanthite and the localities at which 
It is found are the same as in the case of smaltite. 

Spenyhte (PtAs2) 

Sperrylite is extremely rare It is referred to here because it is the 
only platinum compound occurrmg as a mineral Chemically, it is 
43 S3 per cent As and 56 47 per cent Pt, but it contains also small quan- 
tities of Sb, Pd and Fe 

Its crystals are simple They contain only O(iii), 00 0 00 (100), 
00 O(iio) and several pyntoids Their habit is usually octahedral or 
cubical 

The mineral is opaque and tin-white, and its streak black Its hard- 
ness is 6-7 and density 10 6 
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In the closed glass tube it remains unchanged, but m the open tube 
it gives a sublimate of AS2O3 WTien dropped upon red-hot platinum 
foil it immediately melts, giving rise to fumes of As20s, and formmg 
blisters on the foil that are not distinguishable from the original platinum 
in color or general character It is slowh soluble in concentrated HCl 
and aqua regia 

Synthesis — The mineral has been produced by leading arsemc fumes 
over red-hot platinum in an atmosphere of h\drogen 

Occim ence and Localities — Sperrylite occurs as little crj’stals com- 
pletely embedded m the chalcop\Tite fCuFeS2) and the gossan of a 
nickel mine, and in the chalcop\ rite of a gold-quartz vein near Sudbuiy', 
Ontario, m covelhte at the Rambler Mine, Encampment, \V\ommg, 
and as flakes m the sands of streams in the Cowee Valle\ , Macon Co , Ga 
The flakes resemble ytry closd> native platinum, from which they are 
of course, easily distinguished by the test for arsenic 

Uses — The speriydite from Sudbury and \V}oming furnish much of 
the platinum produced in the United States (see p 64) 

MARCASITE Dll ISIOX 

Three members of the marcasite group are important, all are inter- 
estmg from the fact that they are so alike in their crystallization that a 
description of the forms belonging to any one of them might ser\’'e as a 
description of those belonging to all others The cry'stalhzation of the 
group is orthorhombic (rhombic bipyTamidal class), with an axial ratio 
approximately a b * c= j 1:12 

Marcasite (FeS2) 

Marcasite, the dimorph of pyrite, resembles this mineral so closely 
that in massive specimens it is difl 5 cult to distinguish between the two 
They are nearly alike in hardness, m color and m chemical properties 
Marcasite is a little lighter in color than pyTite Its density is less 
(about 4 9), and it possesses a greater tendency to tarnish on exposed 
surfaces 

This tarnish indicates that the mmeral is more susceptible to altera- 
tion than IS pynte One of the products of this alteration is ferrous sul- 
phate, which may often be detected by its taste upon touchmg the tongue 
to specimens of the mmeral In crystallized specimens there is not the 
least difl&culty in distingmshmg betw^een them, smce their crystallization 
is very different 

Marcasite is orthorhombic (rhombic bipyramidal class), with the 
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axial ratio 7662 i i 2342 Its simple crystals often possess a tabular 
or a pyramidal habit (Figs 44 and 45) In the former case oP(ooi) is 
the predommant face, and m the latter case the two domes P (loi) 



Fig 44 



Fig 44 — ^Marcasite Crystal with ooP, no (w), oP, ooi (c), P oo , on (/) and JP w , 

013 (v) 

Fig 45 — Marcasite Crystal with Forms as Indicated in Fig 44, and PS, loi (e) 

and P, III (s) 


andP 06 (on) The other forms observed on most crystals are 00 P(iio), 
P(iii), and often ^P 06 (013) 

Twins are very common, with 00 P{iio) the twinning plane (Fig 46) 
Sometimes these are aggregated by repeated twinning into serrated 
groups known as cockscomb twins or spearhead twins (Fig 47), because 



Fig 46 



Fig 46 — ^Twin of Marcasite about 00 P(no) 

Fig 47 — Spearhead Group of Marcasite Fourhng Twinned about no and then 

about ilo 


of the outlines of their edges. In many instances the crystals aie acic- 
ular or columnar in habit, formmg radiating groups with globular, reni- 
form and stalactitic shapes Concretions are also common The basal 
plane is usually striated parallel to the edge between it and P 06 (on) 
The cleavage is distinct parallel to 00 P(iio) The fracture is uneven 
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When powdered marcasite is treated with cold nitric acid and 
allowed to stand, it decomposes with the separation of sulphur 

Marcasite readil} alters to limonite The fact that p}Tite, sphaler- 
ite, chalcopynte, and other minerals form pseudomorphs after it 
mdicates that, under suitable conditions, it alters also to these com- 
pounds The mmeral is m most cases a direct result of precipitauon 
from hot solutions 

Synthesis — IMarcasite crj'stals ha\e been prepared by the reduction 
of FeS04 by charcoal in an atmosphere of H2S 

Occurrence and Uses — ^The mmeral, like pynte, is found embedded 
m rocks m the form of cr}’stals and concretions, and also as the 
gangue masses of veins It constitutes nearly the entire fillmg of some 
vems, and forms druses on the walls of cavities in both rocks and mmer- 
als It also replaces the organic matter of fossils preser\ing their shapes 
— ^thus producmg true pseudomorphs 

When associated with p>Tite it is mmed together with this mineral 
as a source of sulphur 

Localities — Crystalline marcasite occurs m such great quantity 
near Carlsbad m Bohemia that it is mmed The cockscomb vanet>" is 
found m Derbyshire, England, and cr^^stals at Schemnitz m Hungar}" 
and at Andreasberg and other places in the Harz In the United States 
the mmeral occurs as ciy^stals at a great number of places, being par- 
ticularly abundant m the lead and zinc localities of the Mississippi 
Valley, w^here it sometimes forms stalactites The stalactites from 
Galena, III , often consist of concentric layers of sphalerite, galena and 
crystallized marcasite 


Arsenopyrite (FeAsS) 

Arsenop3nite, or mispickel, is the most important ore of arsemc 
It IS found m crystals and in compact and granular masses. It is a 
silver-white metallic mineral resemblmg very closely cobaltite m its 
general appearance 

The formula FeAsS for arsenopynte is based on analyses like the 
foUowdng. 

As S Fe Total 
Specimen from Hohenstein, Saxony 45 62 19 76 34 64 100 02 
Speamen from Alte Chalanches, France 45 78 19 56 34 64 99 98 

Theoretically, the mmeral consists of its components m the follow’ing 
proportions, As 46 per cent, S 19 7 per cent, Fe 34 3 per cent In many 
specimens the iron is replaced in part by cobalt, nickel or manganese. 
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Sometimes the cobalt is present in such large quantity that the mineral 
IS smelted as an ore of this metal 

The axial ratio of arsenopynte is 6773 i i 1882 Its crystals are 
usually simpler than those of marcasite (Fig 48), though the number of 

Most of the untwinned crystals 
are a combination of 00 P(iio) 
with (014), or P <56 (on), 
or Poo(ioi), and have a pris- 
matic habit. Twins are not 
rare The twinning plane is 
the same as in marcasite, 
and repetition is often met 
with The angle iioAiTo= 
68" 13' 

The brachydomes are stri- 
ated horizontally, and often 
the planes ooP(iio) are stri- 
ated parallel to the edge 00 P(iio) aP ^ (loi) 

The cleavage of arsenopynte is quite perfect parallel to ooP(no) 
The mineral is brittle and its fracture uneven Its hardness is 5 3-6 
and density about 6 2 Its color is silver-white to steel-gray, its streak 
grayish black It is a good conductor of electricity 

In the closed tube arsenopynte at first gives a red sublimate of AsS 
and then a black mirror of arsemc On charcoal it gives the usual 
reactions for sulphur and arsemc Cobaltiferous varieties react for 
cobalt with borax. The mineral 3nelds sparks when struck wilh steel 
and emits an arsenic smell It dissolves in nitric acid with the separa- 
tion of sulphur 

Arsenopynte is distinguished from the cobalt sulphides and arsenides 
by the absence of Co 

Synthesis — Crystals of the mineral are produced by heating in a 
closed tube at 300° precipitated FeAsS in a solution of NaHCOi 
Occurrence — ^Arsenopynte crystals are often found dibseminatcA 
through crystalline rocks, and often embedded m the ganguc minerals of 
veins Like pyrite and marcasite they frequently fill vein fissures. Its 
assoaates are silver, tin and lead ores, chalcopyrite, pyrite and sphalerite 
LocaltUes — ^The mineral is abundant at Freiberg, m Saxony, at 
Tunaberg, m Sweden, and at Inqmsivi Mt , Sorato, in Bolivia 

It also occurs in fine crystals at Franconia in New Hampshire, at 
Blue Hill m Marne, at Chatham m Connecticut, and at St. Francois, 
Beauce Co, Quebec Massive arsenopynte is found near Kecseville 


planes observed m the species is larger. 




Fig 48 — Arsenopynte Crystals with 00 P, 
no (m) , JP 00 , 014 00 , and P 00 , on (q) 
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Essex Co , near EdenMlle, Orange Co , and near Carmel, Putnam Co , 
N Y , and at Rewald, Flo\d Co , Va In most cases it is appaiently 
a result of pneumatoK sis 

Uses — ^Arsenopyrite was formerly the source of nearly all the arsenic 
of commerce The mineral is concentrated b\ mechanical methods, and 
the concentrates are heated in retorts, when the follo\^ing reaction takes 
place FeAsS = FeS+As The arsenic bemg volatile is conducted 
into condensing chambers where it is collected WTien the mineral con- 
tains a reasonable amount of cobalt or of gold these metals are extracted 

Uses of Arsenic — ^The metal arsenic has \ery little use in the arts, 
though Its compounds find many applications as insecticides, medicmes, 
pigments, m tanning, etc The basis of most of these is AS2O3, and 
this IS produced directly from the fumes of smelters workmg on arsemcal 
gold, silver and copper ores Only a portion of such fumes are saved, 
however, as even half of those produced at a smgle smelter center 
(Butte, Montana), would more than supply the entire demand of the 
United States for arsenic and its compounds Under these conditions 
the minmg of arsenical pyrite as a source of arsenic has ceased so far 
as the United States is concerned 

Lollingite (FeAso) is usually massive, though its rare ciy^stals are 
isomorphous in e\ery respect with those of arsenopynte The pure 
mineral is not common Most specimens are mixtures of lolhngite with 
arsenopynte or other sulphides or arsenides. 

The mineral is silver-white or steel-gray Its streak is grayish black 
Its hardness is 5-5 5 and density about 72 It readily fuses to a mag- 
netic globule, at the same time evolvmg arsemc fumes It is soluble m 
HNO3 

It usually occurs m veins associated with other sulphides and arsen- 
ides It is found at Pans, Marne; at Edenville and Monroe, N. Y.; 
at vanous mines in North Carolma, and on Brush Creek, Gunnison 
Co., Colo At the last-named locality the mineral is m star-shaped 
crystalline aggregates, m twms and tnllmgs, associated w’lth siderite 
and barite. 


SYLVANITE GROUP 

The sylvanite group includes at least three distmct mmerab, all of 
which are ditellurides of gold or silver. The group is isodimorphous. 
The pure gold telluride is known only m monoclmic crystals, but the 
isomorphous mixtures of the gold and silver compounds occur both in 
monoclmic and orthorhombic crystals 
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Orthorhombic bipjTamidal Monoclmic prismatic 

AuTes Calavente 

Krennerite (Ag Au)Te2 Sylmmte 

All three minerals are utilized as ores of gold While occurrmg only 
in a few places, they are sufficiently abundant at some to be mined 

Calavente (AuTe2) 

Calavente is a nearly pure gold chloride However, it is usually 
mtermixed with small quantities of the silver telluride An analysis of a 
specimen from Kalgoorlie, Austraha, gave Te=57 27, Au=4i 37, 
Ag= 58 

Calavente crystallizes in the monoclmic system (prismatic class) in 
ciy^stals that are elongated parallel to the orthoaxis and deeply striated 
m this direction. Their axial ratio is i 6313 i * i 1449 with jS=90° 13' 
The prominent forms are ooP<»(ioo), 00 (010), oP(ooi), 

-Poc(ioi), +Po6(ioTj, -2Poo(20i), +2Pob(20i), and P(iii) 
Twmnmg is common and the resultmg tTvins are very complicated 
Usually, however, the mineral occurs massive and granular 

Calavente is opaque, silver-white or bronzy yellow m color and has a 
yellow-gray or greemsh gray streak. Its surface is frequently covered 
with a yellow tarnish. The mmeral is brittle and without distmct cleav- 
age Its hardness is 2-3 and density 9 04 

On charcoal before the blo'vv’pipe the mineral fuses easily to a yellow 
globule of gold, yielding at the same time the fumes of tellurium oxide. 
It dissolves in concentrated H2SO4, producmg a deep red solution. When 
treated with HNO3 it decomposes, leaving a rusty mass of spongy gold 
The solution treated with HCl usually >nelds a slight precipitate of silver 
chloride 

Calavente is distinguished from most other minerals by the test for 
tellunum It is distmgmshed from ^etziie (p 80), by its crystallization 
and the fact that it gives a yellow globule when roasted on charcoal, 
and from sylvamte by the small amount of silver it contams, its higher 
specific gravity, its color and its lack of cleavage It is distmguished 
from krennerite by its crystallization 

Occurrence — ^The mmeral occurs m veins with the other tellurides 
associated with gold ores m Calaveras Co , Cal , and at the localities 
mentioned for petzite (see p 81) It is beheved to have been deposited 
by pneumatolytic processes or by ascendmg magmatic water at com- 
paratively low temperatures. 
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Uses , — ^The mineral is mined vn.th. other tellundes m Boulder Co , 
and at Cripple Creek, Colorado, as an ore of gold 

Sylvanite (Ag Au)Te2 

Sylvanite is more common than calaverite It is an isomorphous 
mLxture of gold and silver tellundes m the ratio of about i . i Analyses 
follow 

I Te=62 i6 Au= 24 45 Ag=i3 39 Total=ioo 00 

II Te=59 78 Au=26 36 Ag = i3 86 ico 00 

III Te=58 91 Au= 29 35 Ag=ii 74 100 00 

I Theoretical for AgTen+ \uTe2 

II and III Specimens trom Boulder Co , Colo 

In cr>"stallization the mineral is isomorphous with calaverite, with 
an axial ratio a 6 . c = i 6339 i : i 1265 and ^=go° 25' Its cr\’stals 
are usually rich in planes, about 75 ha\ing been identified Their habit 
IS usually tabular parallel to 00 P 00 (010), with this plane, — P 5c (loi), 
oP(ooi), 00 P ^ (100) and 2P2(72i) predominating The mmeral also 
occurs m skeleton cr>’stals and in aggregates that are platy or granular 
Twmning is common, with •-P<x(ioi) the tw’mnmg plane Many 
twinned aggregates form netw’orks suggesting wanting, hence the name 
“ Schnfterz often applied to the mineral by the Germans 

Sylvanite is silver-white or steel-gray and has a brilliant metallic 
luster and a silver-w'hite or yellowish gray streak Its hardness is 
between i and 2 and its densiU 7 9-8 3 Moreover, it possesses a per- 
fect clea'-age parallel to 00 P ix (010) 

Its chemical properties are the same as those of calaverite, but the 
silver precipitate produced by addmg HCl to its solution m HNO3 is 
always large It is best distinguished from the gold tellunde by its 
cleavage and from fe/szfe ((AgAu)2Te) and lesszfe (AgsTe) by its 
crystallization, and by the yellowr metalhc globule produced w’hen the 
mineral is roasted on charcoal It is distmguishable from krennerite by 
Its crystallization 

Localities and Origin — Sylvanite occurs wnth the other tellundes m 
veins at Ofifenbanya and Nagj^ag m Transylvania, at Cripple Creek and 
in Boulder Co , Colo , near Kalgoorlie, W Australia, m small quan- 
tities near Balmoral in the Black Hills, S D , and at Moss, near Thunder 
Bay, Ontario Like calaverite it was deposited by magmatic w^ater, or 
by hot vapors 

Uses — It is mmed with calaverite as a gold and silver ore at Cripple 
Creek and m Boulder Co , Colo. 
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THE SULPHO-SALTS AND SULPHO-FERRITES 

The sulpho-salts are salts of acids analogous to arsenic acid, H3ASO4, 
and arsenious acid, HsAsOa, and the corresponding antimony acids 
H3Sb04 and HsSbOs The sulpho-acids differ from the arsenic and the 
antimony acids m containing sulphur in place of oxygen, thus H3ASS4, 
HsAsSs, H3SbS4 and H3SbS3. The mineral enargite may be regarded as 
a salt of sulpharsenic acid, thus CU3ASS4, copper having replaced the 
hydrogen of the acid Proustite, on the other hand, is Ag3AsS3, or a 
salt of sulpharsenious acid. The salts of sulpharsenic acid are called 
sulpharsenates, while those derived from sulpharsenious acid are known 
as sulpharsenites The sulpharsenates are not represented among the 
commoner minerals, although the copper salt enargite is abundant at a 
few places A number of salts of other sulphur-arsenic acids are known 
but they are comparatively rare 

There is another class of compounds with compositions analogous 
to those of the sulpho-salts, though their chemical nature is not well 
understood This is the group of the sulpho-ferntes We know that 
certain hydroxides of iron may act as acids under certam conditions 
The sulpho-ferrites may be looked upon as salts of these acids m which, 
however, the oxygen has been replaced by sulphur, as in the case of the 
sulpho-acids referred to above Thus by replacement of 0 by S, m 
feme hydroxide Fe(OH)3 the compound Fe(SH)s or H3FeS3 results 
The salts of this acid are sulpho-ferntes This aad, by loss of H2S, 
may give nse to other aads m the same way that sulphuric acid (H2SO4), 
by loss of H2O, gives nse to pyrosulphuric acid In the case of the 
sulpho-acid we may have HsFeSs— H2S==HFeS2 The copper salt of 
this acid is the common imneral chalcopyrite, CuFeS2 

The sulpho-salts are very numerous, but only a few of them are of 
suffiaent importance to warrant a descnption in this book 
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THE SULPHARSENITES AND SULPHANTIMONITES 

The sulpharsemtes and sulphantimonites are denvatives of the 
ortho acids HsAsSs and HsSbSs- 

ORTHO SULPHO-SALTS 

The ortho salts are compounds in \\hich the hydrogen of the ortho 
acds IS replaced by metals They include a large number of mmerals, 
of which the following are the most important. 

Bournomte (Cu2 Pb)3 (SbS3)2 
Pyrargynte AgaSbSa 
ProusUte AgsAsSs 

PYRARGYRITE GROUP 

Pyrargynte (AgsSbSs) 

Pyrarg>T:ite, or dark ruby silver, is an important silver ore, especially 
in Mexico, Chile and the western Umted States. The name ruby silver 
IS given to It because thin sphnters transmit deep red hght The mmeral 
IS usually mixed with other ores m compact masses, but it also forms 
handsome crystals 

The composition of p3n:argyrite is represented by the formula AgsSbSa 
which demands 17 82 per cent S , 22 21 per cent Sb , 59 97 per cent Ag 
Many specimens contain also a small quantity of arsenic, through the 
admixture of the isomorphous compound proustite The analyses given 
below show the effect of the mtermixture of the two molecules 


Orthorhombic 

Hexagonal 

Hexagonal 



s 

Sb 

As 

Ag 

Total 

Andreasberg, Harz 

17 6s 

22 36 


59 73 

99 77 

Zacatecas, Mexico 

17 74 

22 39 

27 

60 04 

ICO 44 

Freiberg, Saxony 

17 95 

18 58 

2 62 

60 63 

99 78 


The crystals of p3rrargynte are rhombohedral and hemunorphic 
(ditrigonal pyramidal class), with an axial ratio i : 8038 They are 
usually qmte complex and are often twinned. The species is very rich 
m forms, not less than 150 having been reported The most promment 
of these are ooP2(ii2o), ooP(io 7 o), R(ioTi), -iR(oiT2) and the 
scalenohedrons R^(2i3i) and iR3(2i34) (Fig In the commonest 

twinnmg law the twmning plane is ooP2(ii2o) and the composition 
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face oPfooi) The c axes m the twinned portions are parallel and the 
ocP2(ii2o) planes coincident, so that the twin at a hasty glance looks 
like a simple cr\-stal The angle loTi A^ioi = 7i° 22' 

The cleavage of p}Targ\Tite is distmct parallel to R(ioii) Its frac- 
ture IS conchoidal or une\ en The mmeral is apparently opaque and its 
color IS grajnsh black in reflected light, but is trans- 
/ parent or translucent and deep red m transmitted 

light Its streak is purplish red For lithium 
light 03=3084, €=2881 It is not an electrical 
« 3 conductor 

In the closed tube the mineral fuses easily and 
ghes a reddish sublimate WTien heated with 
Fig -tal of carbonate on charcoal it is reduced to a 

P>rarg>rit?'^ ^nth g^^bule of Silver, which, w’hen dissolved in nitric 
C0P2, 1120 (a) acid, yields a silver chloride precipitate wrhen 
and~iR,oii2(fj treated With a soluble chloride The mineral dis- 
solves in nitric acid with the separation of sulphur 
and a white precipitate of antimony oxide It is also soluble m a 
strong solution of KOH From this solution HCl precipitates orange 
Sb2S3 (compare proustite) 

The color and streak of p>rargynte, together with its translucency, 
distmgmsh it from nearly all other minerals Its reaction for silver 
serves to distinguish it from cupnte, chuialar and realgar, which it some- 
times resembles The distinction between this nuneral and its iso- 
morph, proustite, is based on the streak and the reaction for anti- 
mony. 

Pyrargynte occurs as a pseudomorph after native silver. On the 
other hand it is occasionally altered to pynte or argentite, and some- 
times to silver 

Syntheses — Microscopic crystals ha\e been made by heatmg in a 
porcelam tube, metallic silver and antimony chlondes in a current of 
H2S, and by the action of the same gas at a red heat on a mixture of 
metallic silver and melted antimony' oxide 

Occurrence, Localities and Origin — Pyrargyrite occurs in veins asso- 
ciated with other compounds of silver and sometimes wuth galena and 
arsemc It is most common in the zone of secondary ennchment of 
silver vems. The crj^stallized variety is found at Andreasberg in the 
Harz, at Freiberg, m Saxony, at Pnbram, m Bohemia, at many places 
in Hungary, and at Chanarcillo, in Chile The massive variety is worked 
as an ore of silver at Guanajuato in Mexico and in several of the western 
states, as, for instance in the Ruby district, Gunmson Co , and in other 
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mining districts m Colorado, near Washoe and Austin, Nevada, and at 
several pomts in Idaho, Nei;^ Mexico, Utah and Arizona 

Uses — ^The mineral is an important ore of silver in ilexico and in 
the western United States It is usually associated with other sulphur- 
bearing ores of siKer, the metal being extracted from the mixture by 
the processes referred to under argentite. 


Proustite fAgsAsSs) 

Proustite, or hght ruby siher, is isomorphous with pxrargyrite It 
differs from the latter mineral in containing arsenic m place of antimony 
It occurs both massive and m crx’stals, and like p}Targ\Tite is an ore of 
silver 

The formula abo\e given demands ig 43 per cent S, 15 17 per cent 
As, and 65 40 per cent sih er The analysis of a specimen from Mexico 
\ields figures that correspond \ery nearly to these Cr}stals from 
Chanarcillo contam a slight admuxture of the antimony compound 



s 

As 

Sb Ag 

Mexico 

19 52 

14 98 

65 39 

Chanarcillo, Chile 

19 64 

13 85 

I 41 65 06 


Total 
99 Sg 
99 96 


Like pxTargxTite, proustite is rhombohedral Its crystals are pris- 
matic or acute rhombohedral The forms present on them are much 
less numerous than those on the correspondmg 
antimony compound, the predominant ones being 
ocP2(ii20), iR(ioT4), — ^R(oil2), R^(2I3 i), 

~|R‘^(3557j and other scalenohedrons (see Fig 
50) Tw'ins are common, the twmnirg planes 
being (i), parallel to iR(ioT4) and (2) parallel to 
R(ioTi) The angle io 7 ia^ici = 7i° 12'. 50— ‘Crystal of 

The cleavage, fracture and haidness of prous- 
tite are the same as for pxTargx^nte Its hard- (i/) and -iR, 0112 W. 
ness IS 2 and its density is about 5.6 The mineral 
is transparent or translucent Its color is gra>ish black by reflected 
light and scarlet m transparent pieces by transimtted light. Under the 
long-contmued mfluence of daylight the color deepens until it becomes 
darker than that of pvT:arg\Tite Its streak is cirnabar-red to browmsh 
black Its luster is adamantine. It is a nonconductor of electncity 
For sodium light a)=3 0877, €= 2 7924 

In the closed tube proustite fuses easily and gives a slight sublimate 
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of white arsenic oxide In its other chemical properties it resembles 
pyrarg\Tite except that it gi\es reactions for arsenic where this mineral 
reacts for antimony, and fields onK sulphur when dissohed in HNO3 
From Its solution in KOH a yellow precipitate of As^Ss is thrown down 
upon the addition of HCl (compare pyrargynte) 

Proustite differs from pyra gsrite in its color, transparency and 
streak, as well as m its arsemc reactions It is distinguished from 
cinnabar and cuprite (CuO) b\ the arsenic test 

Syntheses — Ciw’stals of proustite ha\e been produced by reactions 
analogous to those that yield p\rarg\Tite, w’hen arsenic compounds are 
employed m place of antimon\ compounds 

Occurrence — ^The mineral occurs under the same conditions and wuth 
the same associates as p\T:arg}Tite and it \nelds the same alteration 
products as pyrarg\Tite 

Localities and Uses — ^Handsome crystals of proustite occur at 
Freiberg and other places m Saxony, at Wolfach in Baden, at Markirchen 
m Alsace and at Chanarcillo m Chile It is associated wdth pyrargynte 
and wnth other ores of silver 

In the western United States it is quite abundant, more particular!} 
m the Ruby district, Colorado, at Poorman lode m Idaho, and in all other 
localities w^here pyrargynte occurs In many it is named as an ore of 
silver 


Boumonite ((Pb Cu2)3(SbS3)2) 

Boumonite is a comparatively rare mmeral It occurs either in 
compact or granular masses or in well developed crystals of a steel 
gray color It is not of any economic importance except as it may be 
mixed with other copper compounds exploited for copper 
Analyses of bournomte from two localities are given below 


s 

Sb 

As 

Pb 

Cu 

Fe 

L 19 36 

23 57 

47 

41 95 

13 27 

68 

n. 19 78 

23 80 

- 

42 07 

12 82 

20 


I Liskeard, Cornwall, England 
II Felsobinjra, Hungarj' 


Total 
99 30 
98 67 


These analyses are by no means accurate, but they show the compo- 
sition of the mmeral to be approximately Pb, Cu, Sb and S, m which the 
elements are combmed m the following proportions 8=19 8 per cent, 
Sb=24 7 per cent, Pb 42 5 per cent, Cu 13 per cent 

Boumonite crystals are orthorhombic (rhombic bipyramidal class), 
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with a , h c— 9380 I 8969 They are usually tabular ^Fig 51;, or 
short, prismatic in habit, and are often m repeated twins fFig 52*, with 
wheel-shaped or cross-like forms The prmcipal planes observed on 
them are oP(ooi), P (loij, P 06 (on), iP{ii2), xP(iio*, ccPxiioOy 
and 00 P oc (oio), though 90 or more planes are known The most com- 
mon twinmng plane is 00 P(iio) Angle no aiTo==S6'^ 20' 

The luster of the mineral is brilhant metallic Its cclcr and streak 
are steel-gray Its cleavage is imperfect, parallel to oc P ^ foio; and its 
fracture conchoidal or uneven Its hardness is 2 5-3 and density 5 8 
Like most other metallic minerals it is opaque It is a \ ery poor con- 
ductor of electricity 

In the closed tube bournomte decrepitates and nelds a dark red sub- 
limate In the open tube, and on charcoal, it gives reactions for Sb, S, 
Pb and Cu WTien treated with mtric acid it decomposes, producmg a 



Fig si — ^Boumomte Costal with oP 001 (c), P 55 , loi (o), JP 112 ^u) and Px 

on in) 

Fig 52 — ^Boumonite Fourhng Twinned about x P, no (m) Form c same as m 
Fig 51 6= X P « (010; and <2= X P 55 i 100) 


blue solution of copper nitrate that turns to an mtense azure blue wien 
an excess of ammonia is added In this solution is a residue of sulphur 
and a white precipitate that contams lead and antimon\ . 

Bournomte is distinguished from most other imnerals by its reactions 
for both antimony and sulphur. From other sulphantimomtes it is 
distinguished by its color, hardness and density. 

On long exposure to the atmosphere bournomte alters to the car- 
bonates of lead (cerussitej and copper (malachite and azunte) 

Syfitkesis — Crj^stals of bournomte have been obtamed by the action 
of gaseous H2S on the chlorides and oxides of Pb, Cu and Sb, at moderate 
temperatures 

Occurrence — The mmera^ occurs principaity m vems with galena, 
sphalerite, stibmte, chalcopyrite and tetrahednte 

Localities , — Good crystals are found m the mines at Neudorf, Harz; 
at Pribram, m Bohemia, at Felsobanya, Kapnik and other places 
in Himgary, and at various places m Chile. In North Amenca it has 
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been found at the Boggs Mine in Yai'apai Co , Ariz , in Montgomery 
Co , Ark , and at Marmora, Hastmgs Co , and Darlmg, Lanark Co , 
Ontario. 

THE STJLPHDIARSENITES AND SULPHDIANTIMONITES 

A large number of sulpho-salts are apparent!} salts of acids that 
contain two or more atoms of As or Sb m the molecule These acids 
may be regarded as derived from the ortho aads by the abstraction of 
HoS, thus The arsenious acid containmg two atoms of As may be 
thought of as 2BsAsS2-B,2S^KiAs2S5 Acids vnih larger proportions 
of arsenic may be regarded as derived m a similar manner from three or 
more molecules of the ortho acid Only a few of these salts are common 
as minerals. Among the more common are two that are lead salts of 
derivatives of sulpharsenious and sulphantimonous acids, 

Jamesomte (Pb2Sb2S5) and Dufrenoysite (Pb2As2S5) 

Jamesonite and dufrenoysite are lead salts of the acids H4Sb2S5 and 
H4AS2S5 Both mmerals occur m acicular and columnar orthorhombic 
crystals and in fibrous and compact masses of lead-gray color Their 
cleavage is parallel to the base The mmerals are brittle and have an 
imeven to conchoidal fracture Their hardness is 2-3 and density 
5 s~6 The streak of jamesomte is grayish black, and of dufreynosite 
reddish brown. Both minerals are easily fusible They are soluble in 
HCl with the evolution of H2S, givmg a solution from which acicular 
crystals of PbCk separate on coolmg They are decomposed by HNO3, 
with the separation of a white basic lead salt They are found in vems 
with antimony and sulphide ores abroad and at several points m Nevada 
and m the antimony mmes in Sevier Co , Arkansas 


THE SULPHARSENATES AND SDLPHANTIMONATES 

The sulpharsenates are salts of sulpharsenic acid, H3ASS4, and the 
sulphantimonates, the salts of the correspondmg antimony acid, H3SbS4. 
These compounds are much less numerous among the minerals than the 
sulpharsenites and sulphantimomtes. Moreover, no member of the 
former groups is as common as several of the members of the latter 
The most important member is the mineral enargite (CU3ASS4) an ortho- 
sulpharsenate, which in a few places is wrought as a copper ore. 
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Enargite (CU3ASS4) 

Enargite, though a rare mineral, is so abundant at a few pomts that 
It has been mined as an ore of copper 

Theoretically, the mmeral is 8=326, As=i9i, Cu=4 83 Most 
specimens, however, contain an admixture of the isomorphous anti- 
mony compound, famatmite, and consequently sho\\ the presence of 
antimony. A specimen from the Rams Mme, Butte, Montana, yielded 


S 

31 44 


As 

17 91 


Sb 
I 76 


Cu 
48 67 


Fe 

•33 


Zn 

10 


Ins 

II 


Total 
100 32 


The mineral cr3"stallizes in the orthorhombic system (bipjTamidal 
class), m crystals mth an axial ratio 8694 : i : 8308 Their habit is 
usually prismatic, and the}’’ are strongly striated 
vertically. The crystals are usually highly modi- 
fied, with the follo^vnng forms predommatmg 
00 (100), ooP(iio), ooP2(i2o), ooP3(i3o), 

00 P 06 (010), and oP(ooi) (Fig 53) Stellar trill- 
mgs, with ooP2(i2o) the twmmng plane, have a 
pseudohexagonal habit. The mineral occurs also 
m columnar and platy masses 

Enargite possesses a perfect prismatic cleavage 00 p, no (w), 

and an uneven fracture. It is opaque with a ooPo6,ioo(fl),oopy, 
grayish black color and streak. Its hardness is 3 i2oCA)andoP,oor(c). 
and density 44. It is a poor electncal conductor. 

It IS easily fusible before the blowpipe When roasted on charcoal 
it gives the reactions for S and As, and the roasted residue when 
moistened with HCI imparts to the flame the azure-blue color char- 
actenstic of copper. In the closed tube it decrepitates and gives a 
sublimate of S. When heated to fusion it yields a sublimate of arsemc 
sulphide The mineral is soluble in aqua regia 

Enargite is easily recognized by its crystallization and blowpipe 
reactions 

Occuffence . — Enargite is associated with other copper ores in veins 
filled by magmatiC water at intermediate depths and m a few replace- 
ment deposits 

Lacaliiies — ^Although not widely distributed, enargite occurs in large 
quantities in the copper mmes near Morococha, Pern; Copiapd, Chile; 
in the province of La Rioja, Argentine; on Luzon, Phihppine Islands, 
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and m the United States, at Butte, Montana in the San Juan Moun- 
tains, Colorado and m the Tintic District, Utah 

Uses — It IS smelted as an ore of copper At the Butte smelter it 
furnishes the arsemc that is separated from the smelter fumes and placed 
upon the market as arsenic oxide (see p 113) 

THE BASIC SULPHO-SALTS 

The basic sulpho-salts are compounds m which there is a greater 
percentage of the basic elements (metals, etc), present than is 
necessary to replace all the hydrogen of the ortho acids Thus, the 
copper orthosulpharsenate, enargite, is CU3ASS4 Themmeral steph- 
anite is Ag5SbS4 and the pure silver polybasite AggSbSe 

Smce three atoms of Ag are suffiaent to replace all the hydrogen 
atoms in the normal acid contammg one atom of antimony and the 
quantities of silver present in stephamte and polybasite are m excess 
of this requirement, the two minerals are described as basic The 
exact relations of the atoms to one another m the molecules are 
not known 

Although the number of basic sulpho-salts occumng as minerals is 
large only four are common These are: 

Stephamte Ag5SbS4 
Polybasite (Ag < Cu)9SbSG 
T etrahedrite (R")4Sb2S7 
Tennantite {R'^AsoSr 

Stephanite (Ag3SbS4) 

Stephanite, though a comparatively rare mineral, is an important ore 
of silver m some camps It occurs massive, in dissemmated grams and 
as aggregates of small crystals Analyses indicate a composition very 
dose to the requirements of the formula Ag5SbS4 

S Sb Ag As and Cu Total 
Theoretical . .. 16 28 15 22 68 50 100 00 

Crystals, ChanarciUo, Chile 16 02 15 22 68 65 tr 99 89 

Stephanite crystallizes in hemimorphic orthorhombic crystals (rhom- 
bic pyraimdal class), with an axial ratio .6291 : i : .6851. The crystals 
are highly modified, 125 forms having been identified upon them. They 
have usually the habit of hexagonal prisms, their pr^ominant planes 


Orthorhombic 

Monochmc 

Isometric 

Isometric 
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being ooP(iioJ and oopo6(oio), terminated by oP(ooi), P(iii) and 
2P06 (021) at one or the other end of the c axis (Fig 54) Twins are 
common, with 00 P(i2o) and oP(ooi) the twinning planes 

The mmeral is black and opaque and its streak is black Its hard- 
ness is 2 and density =6 2 — 63 It cleaves 

parallel to 00 P 06 (010) has an uneven frac- 
ture, and IS a poor conductor of electnaty 
On charcoal stephamte fuses very easily 
to a dark gray globule, at the same time 



\ielding the white fumes of antimony oxide Fig. 54 —Stcphanite Crystal 
and the pungent odor of SO2 Under the with oP, 001 (r), ocPoo, 
reducmg flame the globule is reduced to ooP^no fP, 

metallic silver. The mmeral dissolves m 


dilute mtric acid and this solution gives a white precipitate with HCl- 
Stephanite is easily distinguished from other black mmerals by its 
easy fusibdity, its crystallization, and its reactions for Ag, Sb and S 
Locahties — ^The mineral is associated with other silver ores in the 
zone of secondary' enrichment of veins at Fieiberg, Saxony, Joachimsthal 
and Pribram, Bohemia, the Comstock Lode and other nunes m the 
Rocky Mountain region and at many points m Mexico and Peru. 

Uses — It is mined together with other compounds as an ore of silver 
It IS particularly abundant in the ores of the Comstock Lode, Nev., and 
of the Las Chispas Mme, Sonora, Mex. 


Polybasite ((Ag-Cu)9SbS6) 

Polybasite is the name usually applied to the mixture of basic sulph- 
aail^mtes and sulpharsemtes of the general formula R'9(Sb.As)S6, in 
which R'= Ag and Cu, More properly the name is applied to the anti- 
monite, and the corresponding arsenite is designated as pearceite. Sev- 
eral t3rpical analyses follow 



s 

As 

Sb 

Ag 

Cu Fe 

Pb 

Ins 

Total 

I 

17 46 

7 S6 

. 

S9 22 

IS 6s 


. 

99 89 

n. 

17 71 

7 39 

- 

SS-i? 

18 II I 05 



99 85 

m. 

IS 43 

SO 

10.64 

68 39 

5 13 - 

. 


100 09 

IV. 

16 37 

3 88 

5 IS 

67 9S 

6 07 

.76 

. . . 

100.18 


I Pearceite Veta Rica Mme, Sierra Mojada, Mexico 
n. Crystals of pearceite, Drumluimnon Mme, Marysville, Montana. 

III. Polybasite, Santa Lucia Mine, Guanajuato, Mexico 

IV. Polybasite, Que^siza, Chile 
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The crj’stallization of the two minerals, which are completely isomor- 
phous, IS monoclmic (prismatic class) Their axial ratios are 

Pearceite, a: bi 1.7309 : i : i 6199 ^=90® 9' 

Polybasite, =i 7309 : i ^ i 579 ^ ^=90° 

The crystals are commonly tabular or prismatic, with a distinct 
hexagonal habit. The promment forms are oP(ooi), P(iii) and 
2p 00 (201). Contact twinnmg is common, with 00 P(iio) the twmning 
plane, and oP(oo 7 ) the composition plane 

Both mmerals are nearly opaque Except m very thm splmters 
they are steel-gray to iron-black m color Very thm plates are trans- 
lucent and cherry-red Their streaks are black Their cleavage is 
perfect parallel to oP(ooi) and their fracture uneven Their hardness 
is 2-3, and density 6-6 2 

Both mmerals are easily fusible They usually exhibit the reactions 
for Ag, Sb, As and S 

They are readily distinguished from all other mmerals but silver 
sulpho-salts by their blowpipe reactions From these they are distin- 
guished by their crystallization Pearceite and polybasite are distm- 
guished from one another by the relative quantities of As and Sb they 
contam 

Occurrence — ^Both mmerals occur m the zone of secondary enrich- 
ment m veins of silver sulphides. 

Localities —“Polybasite was an important ore of silver m the Comstock 
Lode, Nevada It is at present named with other silver ores at Ouray, 
Colorado, at Marysville, Montana, at Guanajuato, Mexico, and at 
vanous pomts m Chile Good crystals occur at Freiberg, Saxony, at 
Joachimsthal, Bohemia, and m the mines m Colorado, Mexico and Chile, 

TETRAHEDRITE GROUP 

The name tetrahedrite is given to a mixture of basic sulphanti- 
momtes and sulpharsenites crystallizing together in isometric forms with 
a distinct tetrahedral habit (hextetrahedral dass) The isomorphism 
is so complete that all gradations between the various members of the 
group are frequently met with The arsemc-bearmg member of the 
series is known as tennantite and the corresponding antimony member as 
tetrahedrite The latter is the more common 

The following six analyses of tetrahedrite will give some idea of the 
great range m composition observed in the spedes. 





SrLPHO-SALTS 

AND 

SrLPHO-FERRITES 

127 


( 

5 

Sb 

As 

Cu 

Fe 

Zn 

Ag 

Hg 

Pb 

Total 

I 

27 

60 

25 87 

tr 

35 85 

2 66 

5 15 

2 30 



99 43 

II 

23 

51 

17 21 

7 67 

42 00 

8 28 

49 

55 



99 71 

ni. 

24 

44 

27 60 


27 41 

4 27 

2 31 

14 54 


. 

ICO 57 

R’ 

24 

89 

30 18 

tr 

32 8c 

5 8s 


07 

5 57 


99 36 

V 

21 

67 

24 72 


33 53 

56 


1 80 


16 23 

98 51 


I Xewbur>port, Mass 

II Cajabamba, Peru 

III Star City, Nev 

IV Poracs, Hungary, 

V Arizona. 

Upon examination these are found to correspond approximately to 
the formula R' 4Sb2S7, in which the R" is Cu2, Pb, Fe, Zn, Hg, Ag2 and 
sometimes Co and Ni When R is replaced entirely by copper, the 
formula (CusSb2S7) demands 23 i per cent S, 24 8 per cent Sb and 52 i 
per cent Cu 

Analyses of tennantite yield analogous results that may be repre- 
sented by the formula CUSAS2S7 "cvhich demands 26 6 per cent S, 20 76 
per cent As and 52 64 per cent Cu 

Analyses of even the best crystallized specimens rarely }ield As or 
Sb alone. Moreover, nearly all show the presence of Zn m notable 
quantity The great vanaticn noted m the composition of different 
specimens which appear to be pure crystals has led to the proposal of 
other formulas than those given abo\e — some being simpler and others 
more complex It is possible that the vanation may be explained as 
due, m part, to some kind of solid solution, rather than as the result 
solely of isomorph'jus replacement It is more probable, however, that 
it is due to the mtergrowth of notable quantities of various sulphides 
with the sulpho-salts 

There is still considerable confusion m the proper naming of the mem- 
bers of the series, but generally the forms composed predoramantly of 
Cu, Sb and S with or without Zn are known as tetrahednte and those 
containing As in place of Sb as tennantite, although several authors 
confine the use of the latter term to arsemcal tetrahedrites containmg a 
notable quantity of iron 

Since the members of the tetrahedrite senes often contam a large 
quantity of metals other than Cu and Zn the group has been so sub- 
di\ided as to indicate this fact Thus, there are argentiferous, mercurial 
and plumbiferous varieties of tetrahedrite Some of these varieties are 
utilized as ores of the metals that replace the copper and zinc in the more 
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common varieties The relations of the ordinary (II) and the bis- 
mutfaiferous tennantites (HI) to tetrahednte (I) are shown by the fol- 
lowing three analyses. 



s 

As 

Sb 

Bi 

Cu 

Fe 

Ag 

Pb Co 

Total 

I 

24 48 

tr 

28 8s 


45 39 

I 32 


II 

100 IS 

II 

26 61 

19 03 



51 62 

I 95 



99 21 

in 

29 10 

II 44 

2 19 

13 07 

37 52 

6 51 

04 

I 20 

loi 07 


I Fresney d’Oisans, France, 
n Cornwall, England, 
in Cremenz, Switzerland 



The crystals of both tetrahedrite and tramantite are tetrahedral in 
ViaHit the principal forms on them consistmg of the simple tetrahedron 

and complex tetrahedrons such as (211), — (332) together with 

the dodet-ahedron, ooO(iio) and the cube, 00 0 00 (100) (Fig. SS) 
Twins are common with O(iii) the twmnmg 
plane. These are sometimes contact twins 
and sometimes mterpenetration twins. Some 
crystals are very complicated, because of the 
presence on them of a great number of forms 
The total number of d^tmct forms that have 
been identified is about 90. The mineral 
occurs also in granular, dense and earthy 
masses. 

The fracture of the tetrahedrites is uneven 
Their hardness varies between 3 and 4 5 and 
their density between 4 4 and 5 i Their color 
is between dark gray and iron-black, except in thin splinters, which 
sometimes exhibit a cherry-red translucency. Their streak is like their 
color. All tetrahedrites are thermo-electnc. 

The chenucal properties of the different varieties of tetrahedrites 
vary with the constituents present. All give tests for sulphur and for 
either antimony or arsenic, and all show the presence of copper in a 
borax bead. The reactions of other metals that may be present may 
be learned by consulting pages 483-494. 

The crystals of tetrahedrite are so characteristic that there is httle 
danger of confusing the crystallized mineral with other mmerals of the 
same color. The massive forms resemble most clearly arsmo^yrite^ 
coba'tiie, laurnmite and cMcocfUe From these the tetrahedrites are 


Fig 55 — ^Tetrahednte Crys- 
tal with III {o)j 00 O, 
110 (d) and {O, 332 (»). 
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best distinguished by their hardness, together with their blowp^ reac- 
tions 

Tetrahednte appears to suffer alteration quite readily, since pseudo- 
morphs of several carbonates and sulphides after tetrahednte crystals 
are well known 

Synthes2s — Crystals of the tetrahedntes have been made by passing 
the vapors of the chlorides of the metals and the chlorides of arsemc or 
antimony and H2S through red-hot porcelain tubes They have also 
been observed m Roman corns that had lam for a long time m the hot 
springs of Bourbonne-les-Bains, Haute-Mame, France. 

Occurrence — ^The tetrahedntes are very common in the zone of 
secondary enrichment of sulphide vems and in impregnations They 
occur associated with chalcopyrite, pynte, sphalerite, galena and other 
silver, lead and copper ores in nearly all regions where the sulphide ores 
of these metals are found They occur also as primary constituents of 
veins of silver ores, where they were deposited by magmatic waters. 

Locdiiies — ^In the United States tetrahednte occurs at the Kellogg 
Mines, ten miles north of Little Rock, Arkansas, near Central City and 
at Georgetown, Colorado; in the Ruby and other mining districts in 
the same State; at the De Soto Mine m Humboldt Co , Nevada, and 
at several places in Montana, Utah and Arizona It is found also in 
British Columbia and m Mexico, and at Broken Hill, New South Wales 

The arsenical tetrahedntes are not quite as common as is the anti- 
monial variety Excellent crystals occur m the Cornish Mines, at 
Freiberg in Saxony, at Skutterud in Norway, and at Capelton, 
Quebec 

Uses , — ^The mineral is used to some extent as an ore of silver or of 
copper, the separation of the metals being effected in the same way as 
m the case of the sulphides of these substances. 

THE SDLPHO-FERRITES 

Only two sulpho-femtes are suffiaently important to merit descrip- 
tion here Both of these are copper compounds and both are used as 
ores of this metal, one — chalcopyrit^htmg one of the most important 
ores of the metal at present worked 

The first of these mmerals discussed, bornUe^ is a basic salt of 
the acid EfeFeSa, the second is the salt of the derived acid HFeS2, 
which may be regarded as the normal acid from which one molecule of 
H2S has been abstracted (see p. 
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Bomite (Cu5FeS4) 

Bormte, known also as horseflesh ore because of its peculiar purplish- 
red color, is found usually massive In Montana and in Chile it con- 
stitutes an important ore of copper 

Bomite is probably a basic sulpho-fernte, though analyses yield 
results that vary quite widely, especiall}’' m the case of massive varieties 
This variation is due to the greater or less admixture of copper sulphides, 
mainly chalcocite, with the bomite The theoretical composition of the 
mmeral is 25 55 S, 63 27 Cu, and 11.18 Fe The analyses of a crystallized 
variety from Bristol, Coim , and of a massive variety from the Bruce 
Mmes, Ontano, follow. 

S Cu Fe Ins Total 
Bristol, Conn . 25 54 63 24 ii 20 99 98 

Bmce Mmes, Ont 25 39 62 78 ii 28 30 99 75 

The crystallization of bormte is isometric (hexoctahedral class), in 
combmations of 00 O 00 (ico), 00 0 (iio), 0 (rii), and sometimes 202(211) 
Crystals often form interpenetration twins, with 0 the twinning plane 
The fracture of the mmeral is conchoidal, its hardness 3 and density 
about 5 On fresh fracture the color varies from a copper-red to a pur- 
plish brown Upon exposure alteration rapidly takes place covering 
the mmeral with an iridescent purple tarnish. Its streak is grayish 
black It is a good conductor of electncity 

ChenucaUy, the mmeral possesses no characteristics other than those 
to be expected from a compound of iron, copper and sulphur It dis- 
solves in nitnc acid with the separation of sulphur 

It is easily recognized by its purphsh brown color on fresh fractures 
and Its purple tarnish. 

Bormte alters to chalcop3nnte, chalcocite, covellite, cuprite (CU2O), 
chrysocoUa (CuSiOa 2H2O) and the carbonates, malachite and azurite. 
On the other hand, bomite pseudomorphs after chalcopyxite and chal- 
cocite are not uncommon 

Synikeses —Roxaa.n copper corns found immersed in the water of 
warm springs m France have been partly changed to bomite. Crystals 
have been formed by the action of H2S at a comparatively low tempera- 
ture (ioo®-2oo° C ), upon a mixture of CU2O, CuO and Fe203 

Occurrence and Origin —Bormte is usually associated with other 
copper ores in veins and lodes, where it is m some cases a primary min- 
eral deposited by magmatic waters and in others a secondary mmeral 
produced in the zone of enrichment of sulphide vems. It also sometimes 
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impregnates sedimentar}^ rocks, where its origin is part due to contact 
action. 

Localities — ^The cr}’'stalhzed mmeral occurs near Redruth, Cornwall 
Eng , and at Bristol, Conn The massive mineral is found at many 
places m Norway and Sweden It is the principal ore of some of the 
Boh\aan, Chilian, Peru\nan and Mexican mmes and of the Canadian 
mines near Quebec In the Umted States it has been mmed at 
Bnstol, Conn , and at Butte, Montana 

Uses — Bornite is mined wnth chalcopjTite and other copper com- 
poimds as an ore of this metal 

Chalcopynte (CuFeS2) 

From an economic pomt of \iew this mmeral is the most important 
of the sulpho-salts, as it is one of the most important ores of copper 



Fig. 56 — Chalcopynte Crystal with P, ni (p), — P, iii (p) and 2? x , 201 (3). 

IP P2 

Fig 57 — Chalcc^ynte Crystal with — , 772 and — , 212 (x) The form ^ 

2 2 

sometimes approaches « P(iio) and x approaches P x (loi^ 

Fig 58 — Chalcopynte Twmned about P(iii) 


known. It occurs both massive and crystallized. From its similanty 
to pyrite in appearance it is often known as copper pyrites. 

Crystallized specimens of chalcopyTite contain 3$ per cent S, 34 5 
per cent Cu and 30.5 per cent Fe, correspondmg to the formula CuFeS2, 
1 e , a copper salt of the acid HFeS2 The mineral often contains small 
quantities of mtermixed pyrite. It also contains in some mstances 
selenium, thaUium, gold and silver 

The crystallization of chalcop3nite is in the sphenoidal, hemihedral 
division of the tetragonal system (tetragonal scalenohedron class). 
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The crystals are usually sphenoidal in habit with the sphenoids j(iii), 


and —(332) the predominant forms (Figs 56 and 57) In addition to 
2 

these there are often present also 00 P 00 (100), 00 P(iio), 2P 00 (201), 
and a very acute sphenoid that is approximately —(772), supposed to be 


p 

due to the oscillation of 00 P(iio) and j(m) 57 ) Twms are qmle 

common, with the twmnmg plane parallel to P (Fig 58). The plus 
faces of the sphenoid are often rough and striated, while the mmus faces 
are smooth and even. 

The fracture of the mmeral is uneven. Its hardness is 3 5-4 and 
density about 4.2. Its luster is metallic and color brass-yellow Old 
fracture surfaces are often tarnished with an iridescent coatmg Its 
streak is greenish black. It is an excellent conductor of electricity 

On charcoal the mmeral melts to a magnetic globule. When mixed 
with Na2C03 and fused on charcoal, a copper globule containing iron 
results. When treated with nitric aad it dissolves, forming a green 
solution in which float spongy masses of sulphur The addition of 
ammonia to the solution changes it to a deep blue color and at the same 
time causes a precipitate of red feme hydroxide. 

From the few brassy colored minerals that resemble it, chalcopynte 
is distinguished by its hardness and streak. 

WTien subjected to the action of the atmosphere or to percolatmg 
atmospheric water chalcopynte loses its iron component and changes 
to coveUite and chalcodte The iron passes mto limomte. Bomile, 
copper and pyiite are also frequent products of its alteration. In the 
oxidation zone of veins it yields limonite, the carbonates, malachite and 
azurite, and cuprite (CU2O). When exposed to the leachmg action of 
water, limonite alone may remain to mark the outcrop of veins, the 
copper being carried downward in solution to enrich the lower portions 
of the vein. The deposit of limonite on the surface is known as 
“ gossan.” 

Syntheses — Crystals of chalcopyrite have been produced by the 
action of HaS upon a moderately heated mixture of CuO and Fe203 
enclosed in a glass tube. The mineral has also been made by the action 
of warm spring waters upon ancient copper coins. It is also a fairly 
common product of roasting-oven operations 

Occurrence and Origin , — Chalcop3rrite is widely dissemmated as a 
priaiary vdn mineral, and is often found in nests in crystalline rocks. 



SULPHO-SALTS AND SULPHO-FERRITES 


133 


It also impregnates slates and other sedimentary rocks, schists and 
altered igneous rocks where, m some cases, it is a contact deposit 
and in others is original It is also formed by secondary processes caus- 
mg enridunent of copper sulphide veins Its most common associ- 
ates are galena, sphalerite and pjmte. It is the prmapal copper ore 
m the Cornwall mines, where it is associated with cassitente (Sn02), 
galena and other sulphides. It is also the important copper ore of 
the dqwsits of Falun, Sweden, of Namaqualand in South Africa, 
those near Copiapd m Chile, those of Mansfdd, Germany, of the Rio 
Tmto district in Spam, of Butte and other places in Montana, and of 
the great copper-producmg districts m Arizona, Utah and Ne\’ada. 

Cr)rstals occur near Rossie, Wurtzboro and Eden\’ille, N. Y., at the 
French Creek Mmes, Chester Co., Penn., near Finksbuig, Md., and at 
many other places 

Extraction — ^The mmeral is concentrated by mechanical methods. 
The concentrates are roasted at a moderately hi^ temperature, the iron 
being transformed into oxides and the copper partly into oxide and 
partly into sulphide. Upon furthor heating with a flux the iron oxide 
unites with this to form a slag and the copper sulphide melts, and collects 
at the bottom of the furnace as “ matte,” which consists of mixed copper 
and copper sulphide. This is roasted in a current of air to free it from 
sulphur. By this process all of the copper is transformed into the oxide, 
which may be convoted into the metal by reduction. The metal is 
finally refined by electrical processes. Much of the copper obtained 
from chalcopyrite contains silver or gold, or both, which may be recov- 
ered by any one of several processes. 

Uses.— A large portion of the copper produced in the world is obtsdned 
by the smdting of chalcopyrite and the ores associated with it. 

Production.— Tbs world’s total product of copper has been refmed 
to in another place 55). Of this total (2,251,300,000 lb.) the United 
States supplied, in 1912, 1,243,300,000 Ib., of which about 1,000,000,000 
lb. were obtained from sulphide ores. Arizona and Montana produced 
the greater portion of this large quantity, the former contributing about 
359,000,000 lb. to the aggregate, and the latter 308,800,000 lb Out- 
side of ^e United States the most important copper-producmg countries 
are Mexico, Japan, Spain and Portugal, Australia, Chile, Canada, 
Russia, Peru and Gamany, in the order named. Practically all of this 
copper, except that from Japan and Mexico, is extracted frmn sulphide 
ores. 
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THE CHLORIDES BROMIDES IODIDES \ND FLUORIDES 

The salts belonging to this group are 'compounds of metals with 
hydrochloric (HCl), h>drobromic (HBr), hydriodic (HI) and hydro- 
fluoric (HF) acids Only a few are of importance Of these some are 
simple chlorides, others are simple fluorides, others are double chlorides 
or fluorides (i e cryolite, AlFa-TsNaF), and others are double hydrox- 
ides and chlorides (atacamite) 

THE CHLORIDES 

The simple chlorides crystallize in the isometric system, but in differ- 
ent classes in this system. They comprise salts of the alkalies, K, Na 
and NH4, and of silver Of these only three mmerals are of importance, 
VIZ.: sylmte, halite and cerargyrite 

Halite (NaCl) 

Hahte, or common salt, is the best known and most abundant of the 
native chlorides It is a colorless, transparent mineral occurring in 
crystals, and m granular and compact masses 

Pure hahte consists of 39 4 per cent Cl and 60 6 per cent Na The 
mineral usually contams as impurities clay, sulphates and organic 
substances The several analyses quoted below indicate the nature of 
the commonest impunties and their abundance m typical specimens 


NaCl 

CaCl MgCl 

CaS04 

Na2S04 Mg2S04 Clay 

H20 

I 97 35 

.. - 

I 01 

43 23 

30 

n. 90 3 

. 

5 00 

2 00 2 00 

70 

in. 98 88 

tr tr 

•79 

... ••• .... 

33 


I Stassfurt, Gerraany. 
II Vic, France 
III. Petit Anse, La. 


The crystaUization of halite is isometnc (hexoctahedral class), the 
prmcipal forms bemg 00 0 00 (100), O(iii) and ooO(iio) Often the 
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faces of the forms are hollowed or depressed gi\^ng nse to what are called 
‘‘ hopper crystals ’’ (Fig 59). The mineral occurs also in coarse, gran- 
ular aggregates, in lamellar and fibrous masses and in stalactites 

Its cleavage is perfect parallel to 00 0 00 (100) Its fracture is con- 
choidal Its hardness is 2-2 5 and density about 217 Hahte, when 
pure, is colorless, but the impunties present often color it red, gray, 
yellow or blue The bright blue mottlmgs obser\ed in 
many specimens are thought to be due to the presence 
of colloidal sodium. The mineral is transparent or 
translucent and its luster is \itreous. Its streak is 
colorless Its salme taste is well known. It is 
diathermous and is a nonconductor of electricity, jtjq 59— Hcpper- 
The mineral is plastic under pressure and its plasticity Shaped Cube of 
increases with the temperature Its mdex of refraction Hahte 
for sodium light, w= i 5442 

In the closed tube halite fuses and often it decrepitates. WTien 
heated before the blowpipe it fuses (at 776°) and colors the flame yellow. 
The chlorme reaction is easily obtamed by addmg a small particle of the 
mmeral to a microcosmic salt bead that has been saturated with copper 
oade. This, when heated before the blowpipe, colors the flame a bnl- 
hant blue. The mmeral easily dissolves m water, and its solution yields 
an abundant white precipitate with silver nitrate. 

The solubility of hahte is accountable for a large number of 
pseudomorphs. The ciy’-stals embedded in clays are gradually dissolved, 
leavmg a mold that may be filled by other substances, which thus 
become pseudomorphs. 

Synt^ses . — Crystals of halite have been produced by sublimation 
from the gases of furnaces, and by crystallization from solution contain- 
ing sodium chloride, 

Occttrrence and Origin — ^Salt^occurs most abundantly in the water of 
the ocean, of certain salt lakes^ of brines buned deep within the rocks in 
some places, and as beds mterstratified with sedimentary rocks. In the 
latter case it is associated with ^Ivite (KCl), anhydnte (CaS04), gypsum 
(CaS04 2H2O), etc., which, hke the hahte, are believed to have been 
formed by the drying up of salt lakes or of portions of the ocean that 
were cut off from the mam iKxiy of water, smce the order of occurrence 
of the vanous beds is the sa me as the order of deposition ot the corre- 
spionding salts when precipitated by the evaporation of sea water at 
varying temperatures {Oxoap pp. 22, 23.) 

Below are given figures, showing the composition of the salts in the 
water of the ocean, of Gr-at Salt Lake, and of the Syracuse, N. Y., and 
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\Tirhigan artificial brines (produced by forcing water to the buned rock 
salt) 


NaCl CaCb MgCla NaBr KCl Na2S04 K2SO4 
I 77 07 7 86 I 30 3 89 

II. 79 57 10 00 6 25 3 60 

III 95 97 90 69 

rv. 91 95 3 19 2 48 

I Atlantic Ocean 
II Great Salt Lake 
in New York brines 
IV Michigan brines 


CaS04 MgS04 
4 63 5 29 

58 
2 54 
2 39 


Locahties — ^The principal mines of halite, or rock salt, are at Wie- 
liczka, Poland, Hall, Tyrol, Stassfurt, Germany, where fine crystals 
are found, the Valley of Cardova, Spam, in Cheshire, England and m 
the Punjab region of India At Petit Anse in Louisiana, m the vicmity 
of Syracuse, N Y , and m the lower peninsula of Michigan thick beds 
of the salt are buried in the rocks far beneath the surface Much of the 
salt is comparatively pure and needs only to be crushed to become usable 
In most cases, however, it is contammated with clay and other sub- 
stances In these cases it must be dissolved m water and recrystallized 
before it is sufficiently pure for commeraal uses 

The best known deposits are at Stassfurt where there is a great thick- 
ness of alternating layers of halite, sylvite (KCl), anhydrite, gypsum, 
kieseiite (MgS04-H20) and various double chlorides and sulphates of 
potassium and magnesium. Although the hahte is in far greater quan- 
tity than the other salts, nevertheless, the deposit owes most of its value 
to the latter, especially the potassium salts (comp. pp. 137, 142) 

Uses . — ^Besides its use in curing meat and fish, salt is employed m 
glazing pottery, in enamelmg, in metallurgical processes, for clearing 
oleomargarine, making butter and in the more familiar household oper- 
ations. It is also the chief source of sodium compounds. 

Production — ^Most of the salt produced in the United States is ob- 
tained directly from rock salt layers by raining or by a process of solu- 
tion, m which water is forced down into the buned deposit and then to 
the surface as bnne, which is later evaporated by solar or by artificial 
heat. In the district of Syracuse, N. Y , salt occurs in thick lenses 
mterbedded with soft shales In eastern Midiigan and in Kansas salt 
is obtained from buried beds of rock salt, and in Louisiana from great 
dome-like plugs covered by sand, day and gravel. Some of the masses 
in this State are 1,756 ft. thick. 
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The salt production of the United States for 1912 amounted to 33,- 

324.000 barrels of 280 lb each, valued at $9,402,772 Of this quantity 

7.091.000 barrels were rock salt 

The imports of all grades of salt during the same time were about 
1,000,000 barrels and the exports about 440,000 barrels. 

SyMte (KCl) 

Sylvite is isometric, hke halite, but the etched figures that may be 
produced on the faces of its crystals indicate a g>Toidal s}Tnmetry (pen- 
tagonal icositetrahedral class) The habit of the cr>3tals is cubic with 
O(iii) and 00 O 00 (100) predominating. 

Pure sylvite contams 47 6 per cent Cl and 52 4 per cent K, but the 
inmeral usually contams some NaCl and often some of the alkalme sul- 
phates. 

The physical properties of sylvite are hke those of halite, except that 
its hardness is 2 and the density i 99 Its meltmg temperatme is 738° 
and n for sodium light = i 4903 

When heated before the blowpipe the mmeral imparts a violet tinge 
to the flame, which can be detected when masked by the yellow flame of 
sodium by viewing it through blue glass Otherwise sylvite and halite 
react similarly. 

Halite and sylvite are distmguished from other soluble minerals by 
the reaction with the bead saturated with copper o.xide, and from one 
another by the color imparted to the blowpipe flame. 

SyrUhesis — Sylvite crystals have been made by methods analogous 
to those employed in syntheses of halite crystals 

Occurrence — ^Sylvite occurs associated with halite, but in distinct 
beds, at Stassfurt, Germany, and at Kalusz, Galicia. It has also been 
found, together with the sodium compound, mcrusting the lavas of 
Vesuvius. 

Uses - — ^Sylvite Is an important source of potassium salts, large quan- 
tities of which are used in the manufacture of fertilizers, 

CERARGYRITE GROUP 

The cerargyrite group comprises the chloride, bromide and iodide of 
silver. The first two exist as the minerals cerargyrite and bromargyritey 
both of which crystallize m the isometric system. The isometric Agl 
exists only above 146®; below this temperature the iodide is hexagonal. 
The exhagonal modification occurs as the mineral iodyritCy which, of 
course, is not r^arded as a member of the cerargyrite group 
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Cerarg3nite (AgCl) 

Cerargynte, or horn silver, is an important silver ore It is usually 
associated with other silver compounds, the mLxture being mined and 
smelted without separation of the components It is usually recog- 
nizable by its waxy, massive character 

Silver chloride consists of 24 7 per cent chlorine and 75 3 per cent 
silver, but cerargjTite often contains, m addition to its essential con- 
stituents, some mercur\% bromine and occasionally some lodme Crystals 
are rare They are isometric (hexoctahedral class), wuth a cubical habit, 
their predominant forms being 00 O 00 (100), 00 O(iio), O(iii), 20(221) 
and 202(211) Twins sometimes occur with O(iii) the tivuinmg face 
The nuneral is sometimes found massive, embedded among other min- 
erals, but IS more frequently in crusts covermg other substances 

The fracture of cerargynte is conchoidal The mineral is sectile 
Its hardness is i-i 5 and density about 5 5 Its color is grayish, white 
or yellow, sometimes colorless. On exposure to hght it turns violet- 
brown It IS transparent to translucent and its streak is white It is a 
very poor conductor of electncity Like halite it is diathermous n for 
sodium light= 2 071, 

In the closed tube cerargynte fuses without decomposition On 
charcoal it yields a metallic globule of silver, and when heated with oxide 
of copper m the blowpipe flame it gives the chionne reaction The mm- 
eral is insoluble m water and in mtric acid but is soluble m ammoma, and 
potassium cyamde. When a particle of the mmeral is placed on a 
sheet of zmc and moistened with a drop of water, it swells, turns black 
and is finally reduced to metalhc silver, which, when rubbed by a kmfe 
blade, exhibits the white luster of the metal. 

Cerargynte is easily distinguished from all other minerals, except 
the comparatively rare bromide and iodide, by its physical properties and 
by the metalhc globule which it yields on charcoal 

Syntheses . — ^Crystals of cerargynte have been obtained by the rapid 
evaporation of ammoniacal solutions of silver chloride, and by the coohng 
of solutions of the dilonde in molten silver iodide 

Occurrence — The mmeral occurs in the upper (oxidized) portions of 
veins of argentiferous minerals, where it is associated with native silver 
and oxidized products of various kinds 

Localtties . — The most important localities of cerargyrite are in Peru, 
Chile, Honduras and Mexico, where it is associated with native silver. 
It is also found near LeadviUe, Colo^; near Austin, m the Comstock 
lode, Nev., and at the Poorman Mine, and in other mmes in Idaho 
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and at several places in Utah. Good cr\'stals occur in the Poorman 
Mine. 

Extractwn — ^When a silver ore consists essentially of cerargynte the 
metal may be extracted by amalgamation Ores containing compara- 
tively small quantities of cerarg\Tite are smelted 

Produchon — ^The quantity of cerarg\Tite mined cannot be safely 
estimated. As has been stated, it is usually wrought with other silver 
ores. 


THE FLUORIDES 

The fluorides are salts of hydrofluonc acid. There are several 
known to occur as mmerals, but only two, the fluonde of calcium and 



Fig 6o — Gioup of Fluonte Crystals from Weardale, Co., Durham, England (Foote 

Mineral Company ) 


the double fluorides of sodium and aluminium are of sufficient impor- 
tance to merit description here. 

Fluorite (CaF2) 

Fluorite, or fluorspar, is the principal source of fluorine. It is usually 
a transparent mineral that is characterized by its fine color and its hand- 



140 


DESCRIPTIVE MINERALOGY 


some crystals (Fig 6o) Perhaps there is no other mineral known that 
can approach it m the beauty of its crystal groups The uncrystallized 
fluorite may be massive, granular or fibrous 

Fluorite is a compound of Ca and F in the proportion of 48 9 per cent 
F and 51 i per cent Ca Chlonne is occasionally present in minute 
quantities, and S1O2, AI2O3 and Fe203 are always present A sample of 
commercially prepared fluorite from Marion, Ky , gave 

CaF2 S1O2 Al203+Fe203 CaCOs MgO 
94 72 I 22 98 I 82 68 

The crystallization is isometric (hexoctrahedral class), and inter- 
penetration twins are frequent The prmcipal forms observed are 




a s 




Fig 61 



Fig 61 — Crystal of Fluonte with 00 O 00 , 100 (o) and 00 O2, 210 (e). 
Fig 62 — ^Interpenetration Cubes of Fluonte, Twinned about O(iii) 


O(iii), GO O 00 (100), 00 02(210) and 462(421) (Fig 61), but some crys- 
tals are highly modified, as many as 58 forms having been identified upon 
the species The twins, with O(iii) the twinning plane, are usually 
interpenetration cubes, or cubes modified on the corners by the octa- 
hedrons (Fig. 62). The mineral occurs also in granular, fibrous and 
earthy masses. 

The cleavage of fluorite is perfect parallel to O(iii). The mineral 
is brittle, its fracture is uneven or conchoidal, its hardness is 4 and its 
density about 3.2. It melts at 1387°. Its color is some shade of yel- 
low, white, red, green, blue or purple, its luster vitreous, and its streak 
is white Many specimens are transparent, some are only translucent. 
Most specimens phosphoresce upon heating A variety that exhibits a 
green phosphoresence is known as cMorofhane The index of refraction 
for sodium light is 1 433^5 at 20®. The mmeral is a nonconductor of 
electricity. 

The color of the brightly tmted vanelies was formerly thought to be 
due to the presence of minute traces of organic substance since it is lost 
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or dianged when the mineral is heated, but recent obsen-ations of the 
effect of radium emanations upon hght-colored specimens mdicate a 
deepenmg of their color by an increase m the depth of the blue tints. 
This suggests that the coloring matter is combined with the CaF2. It 
may be a colloidal substance 

In the closed tube fluorite decrepitates and phosphoresces When 
heated on charcoal it fuses, colors the flame yellowish red and fields an 
enamel-like residue which reacts alkalme to htmus paper Its powder 
treated with sulphuric acid yields hydrofluoric acid gas which etches 
glass. The same effect is produced when the powdered mineral is fused 
with four times its volume of aad potassium sulphate (HKSO4) in a 
glass tube The walls of the tube near the mixture become etched as 
though acted upon by a sand blast. 

Fluonte is easily distinguished by its cleavage and hardness from 
most other minerals It is also characterized by the possession of 
fluorine for which it gives dear reactions. 

Syntheses — Crystals are produced upon the cooling of a molten mix- 
ture of CaF2 and the chlorides of the alkahes, and by heatmg amorphous 
CaF2 with an alkaline carbonate and a httle HCl in a closed tube at 250®. 

Occurrence, Localities and Origin . — ^The mineral occurs in beds, in 
veins, often as the gangue of metallic ores and as crystals on the walls 
of cavities in certain rocks. It is the gangue of the lead veins of northern 
England and elsewhere. Handsome crystallized specimens come from 
Cumberland and Derbyshire, England; Kongsberg, Norway, Cornwall, 
Wales, and from the mines of Saxony. In the United States the mineral 
forms veins on Long Island; in Blue Hill Bay, Maine, at Putney, in 
Vermont; at Plymouth, Conn ; at Lockport and Macomb, in New 
York, at Amelia Court House, Va., and abundantly in southeastern 
Illinois and the neighboring portion of Kentucky, where it occurs asso- 
ciated with zinc and lead ores. These last-named localities, the neigh- 
borhood of Mabon Harbor, Nova Scotia, and Thunder Bay, Lake 
Superior, afford excellent crystal groups. In nature fluorite has been 
apparently produced both by crystallization from solutions and by 
pneumatolytic processes 

Since fluorite is soluble in alkalme waters, its place in the rocks is often 
occupied by calcite, quartz or other mmerals that pseudomorph it. 

XJses — ^The mineral is used extensively as a flux in smelting iron and 
other ores, m the manufacture of opalescent glass, and of the enamd 
coating used on cooking utensils, etc It is also used in the manufacture 
of hydrofluoric acid, which, m turn, is employed m etching glass The 
brighter colored varieties are employed as material for vases and the 
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transparent, colorless kinds are ground into lenses for optical instruments 
The mineral is also cut mto cheap gems, known according to color, as 
false topaz, false amethyst, etc Except when used for making lenses or 
as a precious stone, fluorite is prepared for shipment by crushing, wash- 
ing and screening A portion is ground 

Production — ^The fluonte produced m the United States is obtained 
mainly from Ulmois and Kentucky, though small quantities are mined 
in Colorado, New Mexico and New Hampshire The production in 
1912 amounted to 116,545 tons, valued at $769,163. Of this, 114,410 
tons came from Illmois and Kentucky. The imports were 26,176 tons, 
valued at $71,616 

THE DOUBLE CHLORIDES AND DOUBLE FLUORIDES 

These double salts are apparently molecular compounds, m which 
usually twTO chlondes or tw’o fluondes combine, as in AlF3+3NaF 
Moreover, one of the members of the combination of chlondes is nearly 
always either the sodium or the potassium chloride The law of this 
combmation is expressed by Professor Remsen m these words “ The 
number of molecules of potassium or sodium chloride which combine 
with another chlonde is hunted by the number of chlorine atoms con- 
tamed m the other chlonde Thus, if NaCl makes double salts with 
MCI2, in which M represents any bivalent element, only two are possible, 
viz- MCfe+NaCl and MCl2+2NaCl With MCI3 three double salts 
with sodium may be formed, etc These double salts are not regarded 
as true molecular compounds, but they are looked upon as compoimds 
in which Cl and F are bivalent like oxygen 

Camallite (KMgCls 6H2O) 

Camallite may be regarded as a hydrated double chlonde of the 
composition MgCk KCl 6H2O with 14 i per cent K, 8 7 per cent Mg, 
38 3 per cent Cl and 39 o per cent H2O It occurs in distinct crys- 
tals but more frequently in massive granular aggregates 

Its crystallization is orthorhombic (bipyramidal class), but the habit 
of its crystals is usually hexagonal because of the nearly equal develop- 
ment of pyraimds and brachydomes. Its axial ratio is .5891 i i 3759. 
Crystals are commonly bounded by ooP(iio), P(iii), fP(ri2), |P(ii3), 
00 P 06 (010), 2? « (021), P 06 (on), |P oa (023), oP(ooi), and P 06 (loi). 
The angle no A 3^0=61° 20J'. 

Camallite is colorless to milky white, transparent or translucent, 
and has a fatty luster Many varieties appear red in the hand specimens 
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because of the inclusion of numerous small plates of hematite or goethite, 
or yellow because of inclusions of yellow liquids or tiny ciy^stals. The 
mineral has a hardness of 1—3 > ^ densit} of 1.60 It possesses no 

cleavage but has a conchoidal fracture It is not an electrical conductor. 
It IS deliquescent and has a bitter taste Its indices of refraction for 
sodium hght are «= i 467, i8= 1.475, 7= i494 

Before the blowpipe camalhte fuses easily. In the closed tube it 
becomes turbid and gives off much water, which is frequently accom- 
pamed by the odor of chlorine. It melts in its own w^ater of crystaHiza,- 
tion. When evaporated to diyness and heated by the blo'wpipe flame 
a white mass results which is strongly aJkalme. The mmeral dissolves 
in water, forming a solution which reacts for Mg, K and Cl 

Camalhte is easily recognized by its solubihty, its bitter taste and the 
reaction for chlorine 

Synthesis — ^The mmeral separates m measurable crystals from a solu- 
tion of MgCl2 and KCl 

Occurrence afid Origin — Camalhte occurs in beds associated wuth 
sylvite, hahte, kieserite (p. 246), and other salts that have been pre- 
cipitated by the evaporation of sea w’ater or the water of salt lakes 
Localities — It is found in large quantity at Stassfurt, Germany, at 
Kalusz, in Galicia and near Maman, in Persia 

Uses . — Camalhte is used as a fertilizer and as a source of potash 
salts. 

Cryolite (NasAIFe) 

Cryolite usually occurs as a fine-gramed granular white mass in 
which are often embedded crystals of light brown iron carbonate (sider- 
ite). The formula given above demands 54 4 per cent F, 12 8 per cent 
A 1 and 32.8 per cent Na. Analyses of pure white specimens corre^nd 
veiy closely to this 

The mineral is monoclinic (prismatic class), but crystals are exceed- 
ingly rare and when found they have a cubical habit. Their axial ratio 
is a : 6 : ^=.9662 : i . i 3882. 13=89° 49'. The principal forms are 
ooP(iio), oP(ooi), Pw(oTo), — Pw{oio) and P 06 (100), thus re- 
sembling the combmation of the cube and octahedron. Twins are com- 
mon, with 00 P(iio) the twinning plane 

The cleavage of cryolite is perfect parallel to oP(cx>i). Its fracture 
is uneven. Hardness is 2 5 and density about 3. Its color is snow-white 
inclining to red and brown. Its luster is vitreous or greasy and the 
mineral is translucent to transparent Because of its low index of 
refraction, massive specimens suggest masses of wet snow. The re- 
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fractive index /3 for sodium light is i 364 It is a nonconductor of 
electricity. 

Cryolite is very easily fusible, small pieces melting even at the low 
temperature of a candle flame The mineral is soluble in sulphuric acid 
with the evolution of HF When fused m the closed tube with KHSO4 
It yields hydrofluoric acid, and when fused on charcoal fluorine is evolved 
The residue treated with Co(N03)2 and heated gives the color reaction 
for A 1 

By the aid of its reactions with sulphuric acid, its fusibility and its 
physical properties cryohte is easily distinguished from fluorite, which it 
most resembles, and from all other minerals. 

Occurrence, Locahhes and Origin — ^The occurrences of cryolite are 
very few It has been found in small quantities near Miask in the 
Ilmen Mts, Russia, near Pike’s Peak, Colo, and in the Yellowstone 
National Park. Its principal occurrence is m a great pegmatitic vein 
cutting granite near Ivigtut, Greenland, whence all the mineral used 
in the arts is obtamed The associates of the cryolite at this place are 
sidente, galena, chalcop3nnte, pynte, fluonte, topaz and a few rare 
minerals The vem is said to be intrusive into the granite. It is 
believed to be a magmatic concentration 

— Cryolite was formerly employed principally in the manufac- 
ture of alum and of salts of sodium. At present it is used as a flux in 
the electrol3d:ic production of aluimmum, and is employed in the man- 
ufacture of white porcelain-like glass, and in the process of enameling 
iron The mmeral is quarned m Greenland and imported into the 
Umted States to the extent of about 2,500 tons annually. Its value is 
about I25 per ton. 

THE OXYCHLORIDES 

The oxychlorides are combinations of hydroxides and dilorides 
Some of them are “ double salts ” m the sense m which this word is 
explamed above. Atacamite is a combmation of the oxychloride 

Cu(OH)Cl with the hydroxide Cu(OH)2, or ^\Cu Cu(OH)2. 

CK 

Atacamite (Ctt(OH)Cl-Cu(OH)2) 

Atacamite is especially abundant in South America The mineral 
is usually found in crystalline, fibrous or granular aggregates of a bright 
green color 

Analyses of specimens from Australia and from Atacama, Chile, yidd. 
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Cl 

Cu 

CuO 

H20 

Total 

Austraha 

16 44 

14 67 

56 64 

12 02 

99 77 

Atacama, Chile. 

IS 83 

14 16 

SS 70 

14 31 

100 00 


The formula lequires i6 6 per cent Cl, 14.9 per cent Cu, 55 8 per cent 
CuO and 12 7 per cent H2O. 

The crystallization of atacamite is orthorhombic (bipyramidal class), 
with a:i: C-.6613 : i : ,7529 Its crystals are usually slender pnsms 
bounded by ooP(iio), ooP2(i2o), 00P06 (010), P «Sc (on), oP(ooi) 
and P(iii), or tabular forms flattened m the plane of the macropmacoid 
00 P ^ (100). Twins are common, with the tw inning plane ooP(iio), 

The cleavage of atacamite is perfect parallel to 00 P 06 (010). Its 
fracture is conchoidal. Its hardness is 3-3 5 and density about 3 76. 
Pure atacanute is of some shade of green, varymg between bright shades 
and emerald. Its aggregates often contain red or brown streaks or 
grams due to the admixture of copper oxides. It is transparent to trans- 
lucent. The streak of the mmeral is apple-green It is a nonconductor 
of electncity Its indices of refraction for green hght are a^i 831, 
i8=i.86i, 7=1 880 

In the closed tube atacamite gives off much water with an add reac- 
tion, and yields a gray sublimate In the oxidizing flame it fuses and 
tmges the flame azure blue (reaction for copper chloride). It is easily 
reduced to a globule of copper on charcoal and is easily soluble m acids. 

Atacamite is readily distinguished from garmerite, malachite and 
other green mmerals by its solubihty in aads without effervescence and 
by the azure blue color it imparts to the flame. 

SyfUhesis. — Cr)^tals have been produced by heatmg cuprous oxide 
(CU2O) with a solution of FeCls, m a closed tube at 250®. 

Occurrence, Localities and Origin — ^The mmeral is most abundant 
along the west side of the Andes Mountains in Chile and Bohvia. It 
occurs also m South Australia, m India, at Ambriz, on the west coast of 
Africa, m southern Spam, in Cornwall, where it forms stalactite tubes, 
m southern California, and near Jerome, Arizona. It is formed as the 
result of the alteration of other copper compounds, and is found most 
abundantly in the upper portions of copper veins Atacamite changes 
on exposure to the weather into the carbonate, malachite, and the sili- 
cate, duysocoUa. 

Uses . — ^The mineral is an important ore of copper, but it is mined 
with other compounds and consequently no records of the quantity 
obtained are available. 



CHAPTER VII 


THE OXIDES 


The oxides (except water) and the hydroxides may be regarded as 
derivatives of water, the hydrogen bemg replaced wholly or in part 
by a metal. When only part of the hydrogen is replaced an hydroxide 
results, when all of the hydrogen is replaced an oxide results Thus, 
sodium hydroxide, NaHO, may be looked upon as H 2 O, in which Na has 
replaced one atom of H, and sodium oxide, Na20, as H 2 O m which both 
hydrogen atoms have been replaced by this element Ferric oxide and 
ferric hydroxide bear these relations to water: 


H 


H— O— H, Fe— O — Fe, ferric oxide, 

Fe203 

H-O— H 0 


H — 0 — ^Fe, ferric hydroxide 
H-c/ Fe(OH)3 


The oxides constitute a very important, though not a large, class of 
mmerals Some of them are among the most abundant of all minerals 
They are separated into the following groups: Monoxides, sesqui- 
oxides, dioxides and higher oxides. 


THE MONOXIDES 
Ice (H2O) 

The properties of ice are so well known that they need no special 
description m this place The mmeral is never pure, since it contains, 
in all cases, admixtures of various soluble salts. Its crystallization is 
hexagonal and probably trigonal and hemimorphic (ditrigonal pyram- 
idal class). Crystals are often prismatic, as when ice forms the cover- 
mg of water surfaces, or the bodies known as hailstones In the form 
of snow the crystals are often stellate, or skeleton crystals, and sometimes 
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hollow pnsms The principal forms observed on ice crj^stals are oP(oooi) 
ooP(ioTo), |P(iol2), P(ioTi) and4P(404i) (Fig 63). 

The hardness of ice is about 1.5 and its density 9181 It is trans- 
parent and colorless except m large masses when it appears bluish. Its 
fracture is conchoidal It possesses no distinct cleavage Its fusmg 



Fig. 63 — ^Photographs of Snow Crystals, Magnified about 15 Diameters (After 

Bentley and Perkins ) 

point is o® and boiling point 100®. It is a poor conductor of electricity. 
Its indices of refraction for sodium hght at 8® are: «= 1.3090, 6=1.3133. 

COPPER OXIDES 

There are two oxides of copper, the red cuprous oxide (CU2O) and 
the black cupric oxide (CuO). Both are used as ores, the former being 
much more important a source of the metal than the latter 

Cuprite (CU2O) 

Cuprite occurs in crystals, in granular and earthy aggregates and 
massive The mineral is usually reddish brown or red and thus is easily 
distinguished from most other minerals. Its composition when pure is 
88.8 per cent Cu and ii 2 per cent O. 

In crystallization the min eral is isometric, in the gyroidal hemihedral 
division of the system (pentagonal icositetrahedral dass). Its pre- 
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dominant forms are ooOoo(ioo), O(iii), ooO(iio), 0002(210), 
202(211), 20(221) and 301(321), sometimes lengthened out into 
capillary crystals, producmg fibrous varieties (var chdcotrtckUe). 

The cleavage of cupnte is fairly distmct parallel to O(iii) Its frac- 
ture IS uneven or conchoidal Its hardnes^^ is 3 5-4 and density about 6 
The mmeral is m some cases opaque, oftener it is translucent or even 
transparent in very thm pieces By reflected hght its color is red, 
brown and occasionally black. By transmitted hght it is crimson When 
gently heated transparent varieties turn dark and become opaque, but 
they reassume their original appearance upon cooling. Its streak is 
browmsh red and has a bnlhant luster When rubbed it becomes yellow 
and finally green. The luster of the mmeral vanes between earthy and 
almost vitreous It is a poor conductor of electricity, but its con- 
ductivity increases rapidly with rising temperature. Its refractive index 
for yellow hght= 2.703 

In the blowpipe flame cuprite fuses and colors the mantle of the 
flame green H moistened with hydrochloric acid before heatmg the 
flame becomes a brilliant azure blue. On charcoal the mineral first 
fuses and then is reduced to a globule of metallic copper. It dissolves m 
strong hydrochlonc aad, fonmng a solution which, when cooled and 
diluted with cold water, yields a white preapitate of cuprous chloride 
(CU2CI2). 

Cupnte may easily be distinguished from other mmerals possessmg 
a red streak by the reaction for copper — such as the production of a 
metal globule on charcoal, and the formation of cuprous chloride in con- 
centrated hydrochloric acid solutions by the addition of water. More- 
over, the mineral is softer than hematite and harder than reaglar, cifir 
ndbar and prousUte, 

Cuprite suffers alteration very readily. It may be reduced to native 
copper, m which case the copper pseudomorphs the cuprite, or, on ex- 
posure to the air it may be changed into the carbonate, malachite, 
pseudomorphs of which after cupnte are common. 

Syntheses — Crystals of cupnte have frequently been observed on 
copper utensils and coins that had been buried for long periods of time. 
Crystals have also been obtamed by long-continued action of NH3 upon 
a mixture of solutions of the sulphates of iron and copper, and by heating 
a solution of copper sulphate and ammoma with iron wire in a dosed tube 

Occurrence^ Origin and LocoMies — Cuprite often occurs as well 
defined crystals embedded in certain sedimentary rocks m the upper, 
oxidized portions of copper veins, and in masses in the midst of other 
capper ores, from which it was produced by oxidation processes* It is 
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found as crystals in Thuringia, m Tuscany, on the island of Elba, in 
Cornwall, Eng , at Chessy, France, and near Coquimbo, m Chile, 
In Chile, in Peru, and in Bohvia it exists m great masses 

In the United States it occurs at Cornwall, Lebanon Co , Penn. It 
is also found associated with the native copper on Keweenaw Pomt, 
Mich , at the copper mines m St. Gene\neve Co , Mo ; at Bisbee and 
at other places m Arizona The fibrous variety known as chalcotnckite 
IS beautifully developed at Morena m the same State. 

Uses —Cuprite is nuned with other copper compounds as an ore of 
copper. 

Melaconite, or Tenorite (CuO) 

Melaconite, or tenonte, is less common than cuprite. It usually 
occurs in massive forms or in earthy masses Crystals are rare Its 
composition is 79 8 per cent Cu and 20 2 per cent 0 . 

In crystallization melacomte is trichmc with a monodimc habit. 
Its axial ratio is o : 6 : 4902 : i : 1 3604 and 18=99° 32'. The 

angles a and 7 are both 90°, but the optical properties of the crystals 
proclaim their tndinic symmetiy. 

The mineral possesses an easy cleavage parallel to oP(ooi). Its frac- 
ture IS conchoidal and imeven, its hardness 3 to 4 and density about 6. 
When It occurs m thm scales its color is yellowish brown or iron gray. 
When massive or pulverulent it is dull black. Its streak is black, chang- 
ing to green when rubbed. Its refractive index for red light is 2 63. 
It is a nonconductor of electncity. 

The chemical reactions of melaconite are precisely like those of cu- 
prite, with the exception that the mineral is infusible. 

Melacomte is distinguished from the tlack minerals that contain no 
copper by its reaction for this metal It is distmguished from covelhie 
and other dark-colored sulphides containmg copper by its failure to give 
the sulphur reaction. 

Syntheses — Crystals of melacomte have been found in the flues of 
furnaces in which copper compounds and moist NaCl are being treated. 
They have also been obtamed by the decomposition of CuCfc by water 
vapor 

Occurrence^ Localities and Origin , — ^The mineral usually occurs associ- 
ated wnth other ores of copper, from which it has been formed, in part 
at least, by decomposition. It is mined with these as jm ore. Thin 
scales are found on the lava of Vesuvius, where it must have been formed 
by sublimation. Masses occur at the copper mmes of Ducktown, Tenn. 
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Zincite (ZnO) 

Zincite is the only oxide of the zinc group of elements known It is 
rarely found m crystals It usually occurs m massive forms associated 
with other zinc compounds. 

Pure zincite is a compound containing 8o 3 per cent Zn and 19 7 per 
cent 0 . Since, however, the mmerai is frequently admixed with man- 
ganese compounds it often contains also some manganese and a little 
iron. A specimen from Sterling Hill, N J , 
gave 98 28 per cent ZnO, 6 50 per cent MnO 
and 44 per cent Fe203 

Natural crystals of zincite are very rare 
From a study of artificial crystals it is known 
that the mmerai is hexagonal and hemimorphic 
(dihexagonal pyramidal class). The principal 
forms observed are ooP(ioTo), ooP2(ii2o), 
oP(oooi), P(ioTi), P2(ii22) and various other 
pyramids of the ist and 2d orders Their habit 
IS hemimorphic with P(ioii) and oP(oooi) at 
the opposite ends of a short columnar crystal 
(Fig. 64) 

The cleavage of zuiate is perfect parallel to oP(oooi) Its fracture 
is conchoidal, its hardness 4-4 5 and density about 5 8 Although color- 
less varieties are known, the mineral is nearly always deep red or orange- 
yellow, due most probably to the manganese present in it The streak 
of the red varieties is orange- yellow. Its indices of refraction are 
about 2 The mineral is a conductor of electricity. 

When heated in the closed tube the common variety of zincite 
blackens, but it resumes its original color on cooling With the borax 
bead it gives the manganese reaction Heated on charcoal it coats the 
coal with a white film, which, when moistened with cobalt solution and 
heated again with the oxidizing flame of the blowpipe, turns green The 
mineral dissolves m acids 

When exposed to the atmosphere zincite undergoes slow decomposi- 
tion to zinc carbonate 

Syntheses — ^Zinc oxide crystals are frequent products of the roasting 
of zmc ores m ovens They have also been produced by the action of 
zinc chloride vapor upon hme and by the action of water upon zinc 
chloride at a red heat. 

Occurrence and LocaUhes — ^The mineral occurs only m a few places 
It is found with other zinc and manganese minerals near Ogdensburg, 



with 00 P, loTo (w), 
P, loii ip) and oP, 
0001 (c) 
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and at Franklin Furnace, in Sussex Co , N J , in the form of great 
layers in marble, that are bent into troughs The la>ers are probably 
veins that were filled from below by emanations from a great underground 
reservoir of igneous rock 

Uses — Most of the zincite produced in the United States is used m 
the manufacture of zinc oxide The ore, which consists of a nuxture of 
zmcite, franklimte (see p 199), and willemite (see p 306), is crushed 
and separated into its component parts by mechamcal processes The 
separated zincite is then mixed with coal and roasted The zmc oxide 
IS volatilized and is caught m tubes composed of bagging. The willemite 
and franklimte are smelted to metallic zinc and the residues are used m 
the manufacture of spiegeleisen 

Production — Formerly this mineral, together with the silicate found 
associated with it in New Jersey, constituted the most important source 
of zinc in this country At present most of the metal is obtained from 
sphalerite Of the 380,000 tons of zmc in spelter and zinc compounds 
produced in the United States during 1912 about 69,760 tons w’ere 
made from zincite and the ores assoaated with it. This had an esti- 
mated value of $9,626,991. 

THE SESQUIOXIDES 

The sesquioxides (R2O3) mclude a few compounds of the nonmetals 
that are comparatively rare and a group of metaUic compounds that 
includes two mmerals of great economic importance. One of these, 
hematite (FeaOa), is the most valuable of the iron ores 

ARSENOLITE— CLAUDETITE GROUP 

The only group of the nonmetallic sesquioxides that need be referred 
to in this place comprises those of arsemc and antimony. This is an 
isodimoiphous group includmg four mmerals. 

Isometric Monochnic 

Arsenohte AS2O3 Claudehie 

SenarmorUite Sb2Q3 Valentinite 

All the minerals of the group are comparatively rare. The isometric 
forms occur in well developed octahedrons and in crusts covering other 
minerals They are also found in earthy masses. It is probable that at 
high temperatures the isometnc forms pass over into the monodinic 
modifications, as some of the latter have been observed to consist of 
aggregates of tiny octahedrons. Crystals of daudetite are distinctly 
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monoclmic, but they are so twinned as to possess an orthorhombic 
habit Valentinite crystals, on the contrary, appear to be plainly 
orthorhombic, but their apparent orthorhombic symmetry may be 
due to subnucroscopic twinning of the same character as that in 
claudetite, but w'hich in the latter mineral is macroscopic 

All four nunerals occur as weathered products of compounds contain- 
ing As or Sb They give the usual blowpipe reactions for As or Sb 
In the closed tube they melt and sublime 

Arsenolite (AS2O3) is colorless or white Its specific gravity is 3.7 
and refractive index for sodium light= i 755 It usually occurs in octa- 
hedrons, or m combinations of O(iii) and ooO(iio), but these when 
viewed in polarized light are often seen to be anisotropic The mineral is 
found also in aggregates of hair-like crystals with a hardness of i 2 It is 
soluble in hot water, 3aelding a solution with a sweetish taste 

Senarmonite (Sb 203 ) is gray or white Its density is 5 2 and 
«=2 087 for yellow light Its octahedral crystals are also often aniso- 
tropic, its hardness =2 It is soluble in hot HCl but is only very 
slightly soluble in water When heated it turns yellow, but becomes 
white agam upon coohng 

Claudetite (AS2O3) is monochmc prismatic, with aibi c= 4040 : i 
: 3445 and )8=86° 03' Its white crystals are usually tabular parallel 
to 00 P TO (010) and are twinned, with 00 P to (ioo) the twinmng plane 
Their cleavage is parallel to 00 P to (oio) and their density is 4 15 
H= 2.5 The mineral is an electrical nonconductor 

Valentinite (Sb 203 ) is apparently orthorhombic bipyramidal (pos- 
sibly monoclimc pnsmatic) with a : 5 : 3914 • i 3367 Its crystals 

are tabular or columnar in habit and are very complex The mineral is 
found also in radial groups of acicular crystals and in granular and 
dense masses Its color is white, pink, gray or brown, and streak 
white Its density is 5 77 and hardness 2 5-3, It is insoluble in HCl 
It is a nonconductor of electncity 

CORUNDUM GROUP 

I 

The sesqmoxides of aluminium and iron constitute an isomorphous 
group ciystallizmg m the rhombohedral division of the hexagonal sys- 
tem (ditngonal scalenohedral class) Both the aluminium and iron 
compounds, corundum and hematite^ are of great economic importance 
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Hematite (Fe 203 ) 

Hematite is one of the most important minerals, if not the most 
important one, from the econonuc standpoint, smce it is the most val- 
uable of all the iron ores It is known by its dark color and its red 
powder It occurs in black, ghstenmg crystals, m yellow, brown or red 
earthy masses, m granular and micaceous aggregates and m botiyoidal 
and stalactitic forms 

Chemically, the mmeral is Fe203 corresponding to 30 per cent 0 and 
70 per cent Fe. In addition to these constituents, hemaUte often con- 
tains some magnesium and some titamum. By mcrease m the latter 
element it passes mto a mineral which has not been distinguished from 
ilmenite (see p 462) 

The habit of hematite crystals is nearly always rhombohedraL 


F1G4 65— Hematite Crystals with R, loTi (r), 4P2, 2243 (n), JR 1014 («), 00 P2, 
1120 (a) and oR, ooox (c) 

Their axial ratio is a: c=i : 1.3658, and the predominant forms are 
R(ioTi), iR(ioT4), fP2(2243), the prisms ooP(ioTo) and ooP2(ii2o) 
and often the basal plane (Fig. 65) In addition, about no other forms 
have been identified The crystals are often tabular, and sometimes 
are grouped into aggregates resembling rosettes. In many cases the 
terminal faces are rounded A parting is often observed parallel to 
the basal plane, due to the occunence of the mmeral in aggregates in 
which each crystal is tabular. 

Hematite has no well defined cleavage Its fracture is conchoidal or 
earthy. Its crystals are black, glistemng and opaque, except in very 
small splmters These are red and tran^arent or translucent. Earthy 
varieties are red. The streak of all varieties is brownish red or cherry- 
red. The hardness of the crystallmed hematite is 5.5-6.$ and its density 
about 5.2, It is a good conductor of electricity. Its refractive indices 
are: 60=3.22, 6=2.94 for yellow light. 

The mineral is infusible before the blowpipe. In the reducing flame 
on charcoal it becomes magnetic, and when heated with soda it is reduced 
to a magnetic metallic powder It is soluble in strong hydrochloric add. 




154 


DESCRIPTIVE MINERALOGY 


The crystalline and earthy aggregates of hematite to which distmct 
names have been given are 

Specular^ when the aggregate consists of grains with a glistening, 
metallic luster, like the luster of the crystals When the grains are thin 
tabular the aggregate is said to be imcaceous 

Columnar or fibrous, when in fibrous masses The color is usually 
brownish red and the luster dull The botryoidal, stalactic and various 
imitative forms belong here Red hemaitte is a compact red variety in 
which the fibrous structure is not very pronounced 

Red ocher is a red earthy hematite mixed with more or less clay and 
other impurities 

Clay ironstone is a hard brownish or reddish variety with a dull luster 
It is usually a mixture of hematite with sand or clay 

Oolitic ore is a red variety composed of compacted spherical or nearly 
spherical grains that have a concentric structure 

Fossil ore differs from oolitic ere mainly m the fact that there are 
present in it small shells and fragments of shells that are now composed 
entirely of hematite 

Martiie is a pseudomorph of hematite after magnetite. 

Hematite is distmguished from all other mmerals by its red powder 
and its magnetism after roastmg 

Syntheses — Crystals of hematite are obtamed by the action of steam 
on ferric chlonde at red heat, by heatmg ferric hydroxide with water 
contaimng a trace of NH4F to 250® m a closed tube, and by cooling a 
solution of Fe203 in molten borax or hahte 

Occurrence and Origin — ^Hematite is found in beds with rocks of 
nearly all ages It occurs also as a deposit on the bottoms of marshy 
ponds, and m small grains m the rocks around volcanic vents The 
crystallLzed variety is often deposited on the sides of clefts in rocks near 
volcanoes and on the sides of certain veins It is produced by sublima- 
tion, by sedimentation and by metasomatic processes 

Localities — ^Handsome crystals occur on the island of Elba, near 
Limoges in France, m and on the lavas of Vesuvius and Etna, at many 
places in Switzerland, Sweden, etc , and at many in the United States 
Beds of great economic importance occur in the Gogebic, Menominee 
and Marquette distncts m Michigan; m the Mesabe and Vermihon 
districts in Minnesota, in the Pilot Knob and Iron Mountain districts 
in Missouri, and in the southern Appalachians, especially m Alabama 
Uses. — ^In addition to its use as an ore the fibrous variety of hematite 
is sometimes cut into balls and cubes to be worn as jewelry. The earthy 
vaneties are ground and employed m the manufacture of a dark red 
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paint such as is used on freight cars, and the po\vder of some of the mass- 
ive forms is used as a polishing poTvder 

Froduckon . — Most of the iron ore produced m the Umted States is 
hematite, and by far the greater proportion of it comes from the Lake 
Superior region The statistics for 191 2 follow 


Quantity (in Long Tons) of Iron Ore Mined in the Se\e;ral Lead- 
ing States During 1912 


Minnesota 

Michigan 

Alabama 

New York 

Wisconsm 

Tennessee. 

Total in U S 


Hematite Other Iron Ores Total 

. . . . 34 j 43 i>ooo . . 34,431,000 

.... 11,191,000 11,191,000 

. . . 3,814,000 749»ooo 4,563,000 

106,327 1,110,000 1,216,327 

860.000 860,000 

246.000 171,000 417,000 

51,345,782 3,804,365 55,150,147 


The total production m 1912 was valued at about $104,000,000 


Corundum (AI2O3) 

Corundum is the hardest mmeral known, with the exception of dia- 
mond In consequence of its great hardness an impure vanety is used 
as an abrading agent under the name of emery. It is also one of the 
most valuable of the gem imnerals It occurs as crystals and in granular 
masses 

The mmeral is nearly always a practically pure oxide of alumimum of 
the composition AI2O3, in which there are 52 9 per cent A 1 and 47 i per 
cent O The impure varieties usually contain some iron, mainly as an 
admixture in the form of magnetite 

The axial ratio of corundum crystals is i : i 36 The forms are 
usually simple pyramids, among which |P2(2243) and |P2(44S3) 
are the most common (Fig. 66), and the pnsm 00 P2{ii2o) The basal 
plane is also common (Fig 67). Many crystals consist of a senes of 
steep prisms and the basal plane, with a habit that may be described as 
barrel-shaped (Fig 68) The crystals are often rough with rounded 
edges The prismatic and pyramidal faces are usually striated hon- 
zontally , and the basal plane by lines radiating from the center 

All corundum crystals are characterized by a parting parallel to the 
basal plane, and often by a cleavage parallel to the rhombohedron, due 
to the presence of lamellae twinned parallel to R(ioTi). The fracture 
q£ the mmeral is conchoidal or uneven. Its density is about 4 and its 
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hardness 9 The mineral possesses a vitreous to adamantine luster It 
IS transparent or translucent Its streak is uncolored Its color vanes 
from white, through gray to vanous shades of red, yellow, or blue 
The blue vaneties are pleochroic in blue and greemsh blue shades The 
mmeral is a nonconductor of electricity. Its refractive indices for 
yellow hght are a?=i 7690, 6==i 7598. 

Three vaneties of conmdum are recognized in the arts: Sapphire, 
corundum and emery 

Sapphire is the genenc name for the finely colored, transparent or 
translucent varieties that are used as gems, watch jewels, meter bearings, 
etc. The sapphires are divided by the jewelers mto sapphires, possessing 



Fig 66 — Corundum Crystal with |P2, 44^3 (w) 

FtG. 67 — Corundum Crystal with R, loTi (r), 00 P2, 1120 (0), and oR, 0001 (c) 
Fig, 68 — Corundum Crystal Form a, v and c as in previous figures Also ^P2, 
2243 (») and — 2R, 0221 (i) 


a blue color, rubies, possessmg a red shade, Oriental topazes, Oriental 
emeralds and Onental amethysts having respectively yellow, green and 
purple tints. 

Corundum is the name given to dull colored varieties that are ground 
and used as pohshing and cuttmg materials 

Emery is an impure granular corundum, or a mixture of corundum 
with magnetite (FeaO^) and other dark colored minerals Emery, hke 
corundum, is used as an abrasive. It is less valuable than corundum 
powder because it contains a large proportion of comparatively soft 
material 

Powdered corundum when heated for a long time with a few drops of 
cobalt mtrate solution assumes a blue color The mineral gives no 
defimte reaction witi the beads It is infusible and msoluble. It is 
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most easily recognized by its hardness The mineral alters to spmel 
(p 196) and to fibrous and platy alummous silicates 

Syntheses —Corundum ciy^stals have been produced artificially m 
many different ways, but only recently has the manufacture of the gem 
variety been accomplished on a commercial scale Amorphous AI2C3 
dissolves in melted sodium sulphide and crj’stallizes from the glowing 
mass at a red heat By meltmg AI2O3 m a mass of some fluonde and. 
potassium carbonate containmg a little chromium, and usin^compara- 
tively large quantities of material, \nolet and blue rubies were obtained 
by Fremy and Vemeuil Rubies are also produced by melting AI2O3 
and a little Cr203 for several mmutes at a temperature of 2250® C in 
an electric oven 

In recent years reconstructed rubies have become a recognized article 
of commerce These are aystallme drops of ruby material made by 
meltmg tmy sphnters and crystals of the mmeral in an electric arc 

Alundum is an artificial corundum made by subjecting the aluminium 
hydroxide, bauxite, to an mtense heat (5ooo°--6ooo®) m an electnc 
furnace. 

Occurrence and Origin — Corundum usually occupies veins in cr>’s- 
talhne rocks or is embedded in basic intrusive rocks and in granular 
limestone The sapphire varieties are also often found as partially 
rounded crystals in the sands of brook beds The varieties found in 
Igneous rocks are primary crystalhzations from the magmas producing 
the rocks. The varieties in limestones are the result of metamorphic 
processes 

Localities — Sapphires are obtained mainly from the limestone of 
Upper Burma They are known also to occur in Afghanistan, in Kash- 
mir and m Ceylon They are occasionally found in the diamond-bearing 
gravels of New South Wales and in the bed of the Missouri River, near 
Helena, Montana In the United States sapphire is mined near the 
Judith River in Fergus Co , and in Rock Creek in Granite Co., Mont., 
where it occurs m a dike of the dark igneous rock known as monchiquite, 
and is washed from the placers of three streams in the same State. The 
only southern mines that have produced gem material are at Franklin 
and Culsagee, N. C , and from these not any great quantity of stones of 
gem quality have been taken 

The largest sapphire crystal ever found was taken, however, from 
one of them It weighs 312 lb , is blue, but qpaque. From one of 
these mines, also, came the finest specimen of green saf^hire (Oriental 
emerald) ever found 

Corundum in commercial quantities occurs on the coast of Malabar, 
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m Siam, near Canton, Chma, and in southeastern Ontario, Canada. 
Emery is obtamed from several of the Grecian Islands, more particularly 
Naxos, and from Asia Mmor It is mined in the United States at Chester, 
Mass, and at Peekskill, N Y Crystallized corundum occurs near 
Litchfield, Conn , at Greenwood, Marne, at Warwick and Amity, N Y , 
at Mmeral Hill, Penn , in Patrick Co , Va , at Corundum Hill and at 
Laurel Creek, Macon Co., N C , and at \arious points m Georgia, at 
all of wfiich places it has been mmed In all the localities within the 
United States the corundum occurs on the peripheries of masses of 
pendotite (ohvine rocks) 

Uses — Corundum, emer}^ and alundum, after crushing and washing, 
are used as abrasives and in the manufacture of cutting wheels. 

Froduchon . — ^The amount of sapphire produced in the United States 
in 1912 was valued at $195,505 Most of it was used for mechanical 
purposes, but 384,000 carats were used as gem material 

Most of the corundum used m the Umted States is imported from 
Canada, where it occurs m Hahburton, Renfrew and neighboring coun- 
ties in Ontario, as crystals scattered through the coarse-grained crys- 
talhne rocks known as syemte, nepheline syenite and anorthosite 

Most of the emery is also imported Only 992 tons with a value 
of $6,652 were mmed in 1912 The imports of corundum and emery 
were valued at $501,725, but the importation of these substances is 
gradually dimimshmg because of the rapid increase in the amounts 
of alundum and carborundum manufactured In 1912 the production 
of alundum reached 13,300^000 lb valued at $796,000, 

THE DIOXIDES 
THE HOISTMETALLIC DIOXIDES 

There are but few dioxides of the nonmetals that occur as minerals, 
and only one of these, quartz, is abundant 

SILICA GROUP 

Sihca (S1O2) occurs in nature m four or five important modifica- 
tions as follows. 

a Quartz, tngonal-trapezohedral class, below 575®. 

j8 Quartz, hexagonal-trapezohedral class, above 575® and below 870® 

Tridyrmte, rhombic bipyramidal, pseudohexagonal habit. Hex- 
agonal above 117®. 

Cristohaltte, tetragonal system, pseudocubic habit Isometric above 
140®. 
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Chalcedofiy is regarded by many mineralogists as a form of quartz, 
but its index of refraction for red light is w = i 53 7> which is noticeably 
lower than that of either ray m quartz, which is 5390, €=i 5480 
for the same color Its hardness also is a little less than that of quartz. 
Some mineralogists believe that all of these properties may be explamed 
on the assumption that the mineral is a mass of fine quartz fibers, perhaps 
mixed with other substances, but those tv ho have investigated it by 
high temperature methods are inclined to regard it as a distmct mineral 

Quartz (SiOs) 

Quartz vies with calcite for the commandmg position among the 
minerals It is very abundant, and appears under a great variety of 



A B 

Fig 69 Fig 70. 


Feg 69 — Quartz Crystal Exhibiting Rhombohedral S3mimetry R, loTi (r), — R, 
oili (5) and 00 R, loTo (m) 

Fig 70 — ^Ideal (A) and Distorted (B) Quartz Crystals Bounded by same Forms as 

in Fig 69 


forms Often it occurs in distinct crystals At other times it appears 
as grains without distinct crystal forms, and again it constitutes great 
massive deposits 

Pure quartz consists of 46 7 per cent Si and 53.3 per cent O. Mass- 
ive varieties often contam, in addition, some opal (Si(OH)4), and traces 
of iron, calcite (CaCOg), clay, and other impurities 

The crystallization of quartz is in the trapezohedral tetartohedral 
division of the hexagonal system (trigonal-trapezohedral class), at tem- 
peratures below 575®. When formed above this temperature its sym- 
metry is hexagonal trapezohedral (hemihedral). The former is known as 
a quartz, and the latter as jS quartz. They readily pass one into the 
other at the stated temperature- The axial ratio is i : i.i. The prm- 

_ ~ 2P2 

dpal forms observed are +R(ioTi), --R(oiii), 00 R(ioio), -^(1121), 
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^^( 5 i 5 i) (Fig 74) and a senes of steep rhombohedrons and trapezo- 
4 

Although these may all be tetartohedral since 1 he geometrical 



A B 


Fig 71 —Etch Figures on Two Quartz Crystals of the Same Form, Illustrating Dif- 
ferences m S)mmietry K Right-Hand Crystal B Left-Hand Crystal 
{After Penfidd ) 



Fig 72 — Group of Quartz Crystals with Distorted Rhombohedral Faces (Foote 

Mineral Company ) 

foms of the first four are not distinguishable from the corresponding 
hemihedral ones, the crystals possess a rhombohedral symmetry (Fig. 
69). The angle loTi ^^101 = 85° 46' 



OXIDES 


161 


Often the +R and the — R faces are equally de\ eloped so that they 
appear to belong to the hexagonal pjTamid P (Fig 70A) Their true 
character, however, is clearly brought out by etching, when figures are 
produced on the +R and the -R that are diSerently situated with 
respect to the edges of the faces (Fig 71) On the other hand, on many 
crystals some of the R faces are very much enlarged at the expense of 
the others (Fig 72) 

The crystals are commonly prismatic Often they are so dis- 



B 

Fig 73 



Fig 74 


Fig 73 — ^Tapering Quartz Crystal with Rhombohedral Symmetry \ Combmation 
of r, 3, m and Two Steep Rhombohedrons B Cross-section near Top. 

Fig 74 — Quartz Crystals Contaimng ooR, loTo (m), R, loTi (r), — R, oiTi (s), 

, 2P2 . 6Pi -2- / X * , 2P2 ^ 6Pf / X 

and — /, 21 II {s)f — Ij 5161 (z) on A, and — r, 1121 (5), — r, siBi (x) 

22 22 

on B 


torted that it is difficult to detect the position of the c axis (Fig 
70B) The stnations on 00 R(ioTo) are, however, always parallel to 
the edges between R and 00 R When these are sharply marked the 
position of the vertical axis is easily recognized Many crystals 
taper sharply toward the ends of the c axis This tapering is due to 
oscillatory combination of the prism 00 R with rhombohedrons 
(Fig. 73). 

The habits of the crystals vary with the crystallization of the quartz. 
On crystals of the jS phase the +R and — R faces are equally devdoped 
and trigonal trapezohedrons are absent. The crystals are hexagonal in 
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habit Crystals of the a phase usually exhibit marked differences in 
the size and character of the rhombohedral planes, and trigonal trape- 
zohedrons may be present on them Such crystals are usually trigonal 
in habit and prismatic 

The small faces on all types of crystals (Fig 74) are 

2 

always striated parallel to the edge between this plane and +R, By 
their aid the +R can always be distmgmshed from the — R This is a 
matter of some practical importance since plates cut from quartz crystals 
possess the power of rotating a ray of polarized light. The plates cut 



Fig 75 —Supplementary Twins of Quartz 

C is a combination of A and B in Fig 74 twinned about 00 P2(ii2o) This is 
known as the Brazil law 

D IS a combination of two crystals like B twinned about 0 as the twinning axis 
One IS revolved 60® with reference to the others, thus causing the r and s faces to 
fall together Swiss law E is a twin like D, showing portions of planes belonging 
to each mdividual It contains also the form 


from some crystals turn the ray to the right; those cut from others turn 
it to the left Crystals that produce plates of the first kmd are known 
as right-handed crystals, those that produce plates of the second kind as 
left-handed crystals. Since this property of quartz plates is employed 
in the construction of optical mstruments for use in the detection of 
sugars and certain other substances m solution it is important to be 
able to distinguish those crystals that will yield right-handed plates from 
those that will yield left-handed ones Observation has shown that 
2F2 — 

when the -j-(ii2i) faces are in the upper right-hand comer of the 00 R 

plane immediately beneath +R the crystal is nght-handed When 
these faces are in the upper left-hand comer of this 00 R plane the crystal 
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is left-handed In either case, when is present it occurs 

4 

2P2 

between — - (1121) and the 00 R face beneath +R 

Interpenetration twins of quartz are so common that few crystals 
can be observed that do not exhibit some evidence of twmning (Fig 75). 
The twinning plane is 00 R, so that the c axes in the twnnned mdmduals 
are parallel and, indeed, often coinadent The R faces and the 00 R 
faces practically coincide in the twinned parts so that the crystals 
resemble untwinned ones The twmnmg is exhibited by dull ar^s of 
—R on bright areas of +R faces and by breaks m the contmuit}f of the 
striations on 00 R 

Other twinning law's have also been observ^ed m quartz, but their 
discussion as well as the more complete discussion of the minerars 
crystallization must be left for larger treatises In the most common of 
these other laws the individuals are twinned about 
P2(ii22). See Fig 76 

The fracture of quartz is conchoidal Its hard- 
ness is 7 and density 2 65 Its luster is \itreous, or 
sometimes greasy Pure specimens are transparent 
or colorless, but most vaneties are colored by the 
addition of pigments or impunties When the 
coloring matter is opaque it may be present in 

sufficient quantity to render the mmeral also opaque ^ 

? ; T - f Fig 76— Quarti 

The streak IS colorless m pure varieties, and of some xwiimed about 

pale shade m colored vaneties. The mmeral is pyro- P2(n22) 

electric and circularly polarizing as descnbed above 

It is an electric insulator at ordinary temperatures Its refractive 

indices for yellow light are: w== i 5443, €= i 5534 

Quartz resists most of the chemical agents except the alkalies. It 
dissolves in fused sodium carbonate and in solutions of the caustic 
alkalies It is also soluble in HF and to a very slight degree m water, 
especially in water containing small quantities of certain salts When 
heated to 575® the a variety passes into the /5 variety, at 870® both 
vaneties pass mto tndymite, and at 1470® the tndymite passes over mto 
cristobahte. Gradual fusion occurs just below 1470®. 

The varieties of quartz have received many different names depend- 
mg largely upon their color and the uses to which they are put. They 
may be grouped for convemence into crystallized and crystalline vari- 
eties 

The prmcipal crystallized varieties are: 
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Rock crystal, the colorless, transparent variety, that often forms 
distinct crystals This is the variety that is used in optical instruments 
It includes the Lake George diamonds, rhinestones and Brazilian peb- 
bles 

Amethyst, the violet-colored transparent variety. 

Rose quartz, the rose-colored transparent variety. 

Cttnne or false topa'‘, a yellow and pellucid kind 

Smoky quartz or Cairngorm stone, a smoky yellow or smoky brown 
variety that is often transparent or translucent, but sometimes almost 
opaque. 

The last four varieties are used as gems, the Cairngorm stone being a 
popular stone for mourmng jewelry 

MUky quartz is the w’hite, translucent or opaque variety such as so 
commonly forms the gangue in mineral veins and the material of “ quartz 
veins ” 

Sagmite is rock crystal including acicular crystals of rutile (T1O2). 

Aventunne is rock crystal spangled with scales of some micaceous 
mineral 

The pimcipal crystalline varieties are 

Chalcedony, a very finely fibrous, transparent or translucent waxy- 
looking quartz that forms mamillary or botryoidal masses Its color is 
white, gray, blue or some other debcate shade The water that is always 
present in it is believed to be held between the minute fibers, and not to 
be combmed with the silica (see also p 159) 

Carnehan is the name given to a clear red or brown chalcedony 

Chrysoprase is an apple-green chalcedony 

Prase is a dull leek-green variety that is translucent 

Plasma differs from prase in havmg a brighter green color and in 
being translucent 

Heliotrope, or lloodstone, is a plasma dotted with red spots of jasper. 

All of the colored chalcedonies are used as gems or as ornamental 
stones 

Agate is a chalcedony, or a mixture of quartz and chalcedony^ varie- 
gated in color The commonest agates have the colors arranged in 
bands, but there are others, like “ fortification agate ” in which the 
colors are irregularly distributed, and still others in which the variation 
in color is due to visible inclusions, as in “ moss-agates ” The different 
bands in banded agates often differ m porosity. This property is taken 
advantage of to mtensify the contrast in their colors The agate is 
soaked in oil, or in some other substance, and is then treated with chem- 
icals that act upon the material absorbed by it Those bands which 
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have absorbed the greatei quantity of this material become darker in 
color than those that have absorbed less 

On^x IS a very evenly banded agate in which there is a marked con- 
trast in colors Cameos are onyxes m one band of which figures are cut, 
leaving another band to form a background 

Sardonyx is an onyx m w’hich some of the bands consist of camelian. 
It is usually red and white. 

Fhnt, jasper^ hornstone and toiichstom are verx" fine grained crx^stalline 
aggregates of gray, red or nearly black mLxture of opal, chalcedony and 
quartz They are more properly rocks than mmerals Chert is an im- 
pure flint 

Sandstone is a rock composed of sand grams, most of \\hich are 
quartz, cemented by clay, calcite or some other substance. When the 
cement is quartz the rock is a quartzite Oilstones , konestones and some 
whetstones are cryptocrystallme aggregates of quartz, very dense and 
homogeneous, except for tiny rhombohedral ca\'ities that are thought to 
have resulted from the solution of crystals of calcite They are gener- 
ally believed to be beds of metamorphosed chert 

Syntheses — Crystallized quartz has been made m a number of ways 
both from superheated aqueous solutions and from molten magmas 
Crystals have been produced by the action of water containing am- 
momum fluoride upon powdered glass and upon amorphous S1O2, and 
by heatmg water m a dosed glass tube to high temperatures The 
separation of crystals from molten magmas is facihtated by the addition 
of small quantities of a fluoride or of tungsten compounds. 

Occurrence a 7 id Origin — Quartz occurs as an essential constituent of 
many crystalline rocks such as gramte, gneiss, etc., and as the almost sole 
component of certain sandstones It constitutes the greater portion of 
most sands and the material of many veins. It also occurs as pseudo- 
morphs after shells and other organic bodies embedded in rocks, having 
replaced the original substance of which these bodies were composed. 
It is also one of the decomposition products of many silicates. It may 
thus be primary or secondary in origin. It may result from igneous or 
aqueous processes, or it may be a sublimation product. 

Localities — Quartz is so widely spread in its distribution that only a 
very few of its most mterestmg locahties can be referred to in this place. 

The finest specimens of rock crystals come from Dauphine, France; 
Carrara, in Tuscany, the Piedmont district, in Italy, and in the United 
States from Middleville, and Little FaUs, N. Y.; the Hot Springs, 
Ark., and from several places in Alexander Co., N. C. Smoky quartz 
is found in good crystals in Scotland, at Pans, Me.; in Alexander 
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Co , N C , and m the Pike’s Peak region of Colorado The handsomest 
amethysts come from Ceylon, Persia, Brazil, Nova Scotia and the 
country around Lake Superior Rose quartz occurs in large quantity 
at Hebron, Pans, Albany and Georgetown, Me 

Fme agates and camehans are brought from Arabia, India and Brazil. 
They are abundant m the gravels of Agate Bay and of other bays and 
coves on the north shore of Lake Superior 

Chalcedony is abundant m the rocks of Iceland and the Faroe Islands, 
m those on the northwest side of Lake Supenor, and m the gravels of 
the Columbia, the Mississippi and other western rivers 

The other valuable varieties of the mineral occur largely in the Far 
East 

Agatized, or sihcified, wood of great beauty exists in enormous quan- 
tity m an old petrified forest near Cornzo, Ariz It is also found in 
the Yellowstone Park, near Florissant, Colo , and in other places in the 
Far West. This wood has had all of its organic matter replaced mole- 
cule for molecule by quartz m such a manner that its original structure 
has been perfectly preserved 

Uses — Rock crystal is used more or less extensively m the construc- 
tion of optical mstruments and in the manufacture of cheap jewelry 
Smoky quartz, amethyst, onyx, camehan and hehotrope stones are 
used as gems, and agate, prase, chrysoprase and rose quartz as orna- 
mental stones 

Milky quartz, ground to coarse powder, is employed in the manu- 
facture of sandpaper. Its most extensive use, however, is in the man- 
ufacture of glass and pottery Earthenware, porcelam and some other 
varieties of potter’s ware are vitnfied mixtures of clay and ground 
quartz, technically known as ‘‘flmt ” Ordmary glass is a silicate of 
calcium or lead and the alkahes, sodium or potash It is made by 
melting together soda, potash, lime or lead oxide and ground quartz or 
quartz sand, and colonng with some metaUic salt A pure quartz glass 
is now being made for chemical uses by melting pure quartz sand 

Quartz is sometimes used as a flux m smeltmg operations In the 
form of sandstone, it is used as a building stone, and in the form of sand 
it is employed in various building operations Bricks cut from dense 
quartzites (very hard and compact sandstones) are often employed 
for Immg furnaces 

The uses of honestones, oilstones, and whetstones are mdicated by 
their names. 

Pfoduchon — Many varieties of quartz are produced m the United 
States to serve various uses* Vem quartz is crushed and employed 
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in the manufacture of wood filler, pamts, pottery, scouring soaps, sand- 
paper and abrasives It is also used m making ferro-silicon, chemical 
ware, pottery, sand-lime brick, quartz glass, etc The total quantity 
produced for these purposes in 1912 was 97,874 tons, valued at 
$191,685 

The largest quantity of quartz produced is in the form of sand, of 
which 38,600,000 tons were marketed m 1912 at a valuation of $15,300,- 
000 Sandstone, valued at $6,900,000, was quamed for buildmg and 
pavmg purposes Oilstones, gnndstones, millstones, etc., which are 
made from special varieties of sandstone, were produced to the value of 
$1,220,000 

Gem quartz obtained m 1912 was valued at about $22,000. This 
comprised petrified wood, chrysoprase, agate, amethyst, rock crj'stal, 
smoky quartz, rose quartz, and gold quartz (white quartz containing 
particles of gold). 

THE METALLIC DIOXIDES 

The metallic dioxides mclude the oxides of tin, titanium, manganese 
and lead Of these the manganese dioxide may be dimorphous, and the 
titamum dioxide is-trimorphous. A dioxide of zircomum is also* known, 
baddeleytte, but it is extremely rare. The nuneral ztrcon (ZrSi04) is 
often regarded as being isomorphous with cassttertte (Sn02) and rutile 
(T1O2) because of the similanty m the crystallization of the three min- 
erals The three, therefore, are placed in the same group, in which 
case all must be regarded as salts of metalhc aads, thus: Ti02=TiTi04, 
Sn02=SnSn04, zircon =ZrSi04 Other authonties regard zircon as an 
isomorphous mixture of T1O2 and Si02. In this book zircon is placed 
with the sihcates and the other minerals are considered as oxides. 

The two manganese dioxides are poUamte and pyrolusite. The former 
is tetragonal and the latter orthorhombic It is possible, however, that 
the crystals of p)rrolusite are pseudomorphs and that the substance is a 
mixture of poliamte and some hydroxide, as it nearly always contains 
about 2 per cent H2O. 

The three titanium oxides are ruttle, which is tetragonal; brookUe^ 
which is orthorhombic, and aitMdse or octahednte, which is tetragonal. 
Although rutile and anatase cr3rsta}lize m the same system, their axial 
ratios are different, as are also their crystal habits and their physical 
properties. A few of these differences are indicated below: 

Rutile a:c— i: .6439; Sp. Gr. =4.283; 2.6158; 2.9029. 

Anatase =1:1.7771; Sp. Gr. =3.9 ; 2.5^18; ^=2.4886. 
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Of the three modifications of titamum dioxide, anatase may be 
made at a comparatively low temperature Brookite requires a higher 
temperature for its production, but rutilB is producible at both high 
and low temperatures Under the conditions of nature both brookite 
and anatase pass readily into rutile 

Of the seven dioxides discussed, four are members of a single group 

RUTILE GROUP 

The rutile group consists of four minerals apparently completely 
isomorphous, though no mixed crystals of any two have been discovered ^ 
AU crystaUize in the tetragonal system (ditetragonal bipyramidal class), 
with the same forms and with closely corresponding axial ratios The 
names of the members of the group and their axial ratios follow 


Cassitente (Sn02) 

a . c =i . 6726 

Ridile (Ti02) 

=i . 6439 

Fohamte (Mn02) 

= i : 6647 

Plattnerite (Pb02) 

= i • 6764 


Cassiterite (81102) 

Cassiterite, or tinstone, is the only worked ore of tin It occurs as 
rolled pebbles of a dark brown color in the beds of streams, as fibrous 
aggregates, and as ghstenmg black crystals associated with other min- 
erals in vems 

The analyses of cassitente mdicate it to be essentially an oxide of 
tin, or, possibly, a stanyl stannate ((Sn0)Sn03), with the composition, 
Sn=78.6 per cent; 0=2i 4 per cent. The mineral nearly always con- 
tams some iron oxide and often oxides of tantalum, of zinc or of arsenic 
The presence of iron and tantalum is so general that most crystals of 
cassitente may be regarded as isomorphous mixtures of (Sn0)(Sn03), 
Fe(Sn03) and Fe(Ta03)2. Thus, a crystal from the Etta Mine in the 
Black Hills, S. D, gave Sn02=94 36; FeO-162, Ta205=2 42 and 
Si02=ioo, indicatmg a mixture of 5 pts of Fe(Ta03)2, 18 pts. of 
Fe(Sn03) and 303 $ pts of (Sn0)(Sn03)- 

The crystals of cassitente have an axial ratio of i : .6726. They are 
usually short pnsms in habit They often consist of the simple com- 
bination P(iii) and Poo(ioi) (Fig 77), or of these forms, together 
with 3P|(32i) and various prisms (Fig 78). Twins are common, the 

^An isomozphous mixture of the rutile and cassiterite molecules has recently 
been descnbed from Greifenstein, Austna, but its eiEistence has not yet been con- 
firmed 
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twinning plane being P oo (loi) When the indi\-iduals twinned have 
small pnsmatic faces the resulting combination is often called a \Tsor 
twin (Fig 79), because of its supposed resemblance to the ^^ior of a 
helmet By repetition of the twinmng veij' complex groupings are 
produced The angle iii A = S8° 19' 



Fig 77 



Fig. 77. — Cassitente Crystal with P, m (5) and P x , loi (<?) 

Fig 78. — Cassitente Crystal with s, e and x p, no (w), x P2, 210 (A), 3PJ, 321 (c). 


The cleavage of cassitente is imperfect parallel to 00 Poo (100) and 
P(iii) Its fracture is uneven The color of the massive mineral is 
some dark shade of brown by reflected hght, and of the crystals black 
By transmitted hght, the mineral is brown or black Its luster is very 
brilliant, and its streak is white, gray or brown. The purest specimens 




Fig 79 — Cassitente Twinned about P x (loi). o = x P « , 100 A =« Visor Twin. 

are nearly transparent, though the ordinary varieties are opaque Their 
hardness is about 6 5 and density about 7 The mineral is a noncon- 
ductor of electncity Its refractive indices for yellow light are: « = 1 9965, 
€=2.0931. 

Three varieties of cassitente are recognized, distinguished by physical 
characteristics The ordinary vanety known as Hnskme is crystallized 


170 


DESCEIPTIVE MINERALOGY 


or massive. Wood t%n is a botryoidal or remform variety, concentric in 
structure and composed of radiatmg fibers The third variety is stream 
tin This consists of water-worn pebbles found in the beds of streams 
that flow over cassitente-bearmg rocks 

Cassitente is only slightly acted upon by acids It may be reduced 
to a metallic globule of tin only with difficulty, even when mixed 
with sodium carbonate and heated mtensely on charcoal. With 
borax it yields shght reactions for iron, manganese or other impurities 
When placed m dilute hydrochloric acid with pieces of granulated zinc, 
fragments of cassitente become covered with a dull gray coating of 
metallic tin which can be burmshed by rubbing with a doth or the hand 
When rubbed by the hand the odor of tin in contact with flesh is easily 
detected. 

The mmeral is most easily distmguished from other compounds that 
resemble it in appearance by its high density and its inertness when 
treated with reagents or before the blowpipe 

Syntheses — Crystals of cassiterite have been obtained by passing 
steam and vapor of tin chloride or tin fluoride through red-hot porcelain 
tubes, and by the action of tm chlonde \apor upon lime 

Occurrence and Tinstone is found as a primary mineral in 

coarse granite vems with topaz, tourmalme, fluorite, apatite and a great 
number of other minerals It also occurs impregnating rocks, sometimes 
replacing the minerals of which they originally consisted. In these 
cases it is the product of pneumatolytic processes. In many places it 
constitutes a large proportion of the gravel in the beds of streams 

Localities and Production — ^The crystallized mmeral occurs at many 
places in Bohemia and in Saxony, at Limoges in France and sparingly 
in a few places in the Umted States, especially near El Paso, Texas, 
in Cherokee Co., N. C , in Lmcoln Co , S C , and near Hill City, S D 
Massive tinstone and stream tin occur in laige enough quantities to be 
mined in Cornwall, England, on the Malay Pemnsula and on the islands 
lying off its extremity; in Tasmama; in New South Wales, Victoria 
and Queensland, Austraha; in the gold regions of Bolivia, at Durango 
in Mexico, and at various points in Alaska, at some of which there, 
are 400 lb. of cassitente in a cubic yard of gravel. 

The principal tin ore-produemg regions of the world are the Straits, 
district, includmg the Malay Peninsula and the islands of the Malay 
Archipelago; Australia; Cornwall, England, the Dutch East Indies, and 
Bolivia. Of the total output of 122,752 tons of tm produced m 1911, 
61,712 tons were made from the Straits ore, 25,312 tons from the ore 
produced in Bohvia and 16,800 tons from Banka ore. Of the total 
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quantity of tin produced about 78 per cent is said to come from stream 
tin and 22 per cent from ore obtamed from veins. The quantity 
obtained from ore mined in the Umted States m 1911 included 61 tons 
from Alaskan stream tin and two tons from the tmstone mmed m the 
Franklin Mountains near El Paso, Texas Mmes have been opened in 
San Bernardino Co , Califorma, and m the Black Hills, South Dakota, 
but they have not proved successful The mines at El Paso, Texas, are 
not yet fully developed, although they promise to be profitable m the 
near future The crystals are scattered through quartz vems and 
through a pink granite near the contacts with the veins The average 
composition of the ore is 2 per cent This is concentrated to a 60 per 
cent ore before being smelted The production during 1912 was 130 
tons of stream tin from Buck Creek, Alaska This was valued at 
$124,800. In the following year 3 tons of cassitente vere shipped from 
Gaffney, S C The imports of tm mto the United States during 1911 
were 53,527 tons valued at more than $43,300,000 

Extrachon — ^The tin is extracted from the concentrated ore by the 
simple process of reduction Alternate layers of the ore and charcoal 
are heated together in a furnace, when the metal results This collects 
m the bottom of the furnace and is ladled or run out The crude metal is 
refined by remeltmg m special refinmg furnaces 

Uses of the Metal — ^The metal tm is employed pnncipally for coating 
other metals, either to prevent rustmg or to pre\ent the action upon 
them of chemical reagents Tin plate is thin sheet iron covered with 
tin Copper for culinary purposes is also often co\ ered with this metal 
It is used also extensively m forming alloys with copper, antimony, 
bismuth and lead Among the most important of these alloys are 
bronze, bell metal, babbitt metal, gun metal, britanma, pewler and soft 
solder Its alloy, or amalgam, with mercury is used in coating mirrors. 
Several of its compounds also find uses m the arts Tm oxide is an im- 
portant constituent of certain enamels The chlondes are used exten- 
sively in dyeing calicoes, and the bisulphide constitutes “ bronze 
powder ” or “ mosaic gold,” a powder employed for bronang plaster, 
wood and metals 

Rutile (Ti02) 

Rutile is one of the oxides of the comparatively rare element titamum. 

It occurs commonly in dark brown opaque cleavable xnasses and m bril- 
liant black crystals 

Pure rutile consists of 40 per cent 0 and 60 per cent Ti. Nearly all 
specimens, however, contain m addition some iron, occasionally as much 
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as 9 per cent or lo per cent, which is probably due to the admixture of 
FeaOa and FeTiOs m solid solution 

Rutile IS perfectly isomorphous with cassiterite Its axial ratio is 
I : 6439 The pnnapal planes observed on its crystals are practically 
the same as those observ'ed on cassitente (Fig 80) Twins aie common, 
with P 00 (loi) the twinning plane (Fig 81 ) This twinning is often 
repeated, producmg elbow-shaped groups (Fig 82), or by further repe- 



Fig 80. — ^Rutile Ciystals with »P,iio(»s), « P 00.100(0),? 00, joi (e), P, 
00 P3, 310 ( 0 , P3. 313 (0 and 3 P|> 321 (®) 




Fig 81 — ^Rutile Eightlmg Twinned about P oo (loi) 

Fig 82 —Rutile Twinned about P «3 (loi) Elbow Twin 

tition wheel-shaped aggregates (Fig 83) In another common law the 
twinmng plane is 3P qo (301^) (Fig 84) The angle 111 A iTi “ 56® 52^' 
The crystals are prismatic and even sometimes acicular in habit. Their 
pnsmatic planes are vertically striated 

The cleavage of rutile is quite distinct parallel to 00 P(iio) and less 
so parallel to 00 P 00 (100) 

The mineral is reddish brown, yellowish brown, black or bluish 
brown by reflected light and sometimes deep red by transmitted light. 
Many speamens are opaque but some are translucent to transparent. 
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The latter are often pleochroic in tints varying between yellow and 
blood-red The streak is pale brown The hardness of the mineral is 
6 to 6 5 and its density about 42 It is an electric nonconductor at 
ordinary temperatures Its refractive mdices for yellow hght are: 
0)= 2 6030, €=2 8894. 

Rutile IS infusible and insoluble. Its reactions with beads of borav 
and imcrocosmic salt are usually obscured by the iron present Wlien 
this metal is present only in small quantities the microcosmic salt bead 
IS colorless while hot, but violet when cold, if it has been heated for some 
time in the reducing flame of the blowpipe 

The most characteristic chemical reaction of rutile is obtamed upon 
fusing it with sodium carbonate on charcoal, dissolvmg the fused in 



Fig 83 — Rutile Cychc Siding Twinned about P «« (loi) 

Fig 84 — ^Rutile Twinned about 3P « (301) Elbow Twin Forms P2, 210 (A), 

and P 00 , loi («) 

an excess of hydrochloric acid and adding to the solution small scraps of 
tin Upon heating for some little time, the solution assumes a violet 
color. This is a umversal test for the metal titamum 

Some of the dark red and reddish brown massive varieties of rutile 
may be confounded with some varieties of garnet, which, however, are 
much harder. Its density, its infusibihty and the reaction for titanium 
serve to characterize the mineral perfectly 

Pseudomorphs of rutile after hematite and after brookite and ana- 
tase have been described It often changes into ilmenite and sphene. 

Syntheses , — By the reaction between TiCU and water vapcr in a red- 
hot porcelain tube, crystals of rutile are formed. Twins are produced 
by subnutting precipitated titamc acid in a mass of molten sodium tung- 
state to a temperature of 1000® for several weeks. 

Occurrence and Origin — ^Rutile is often found as crystals embedded 
in limestone and in the quartz or feld^ar of granite and other igneous 
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rocks, as long acicular crystals m slates, and as grains m the rock known 
as nelsonite It occurs also as fine hair-like needles penetrating quartz, 
forming the ornamental stone “ fleches d’amour,” and as grains in the 
gold-bearmg sand regions When primary it is probably always a 
product of magmatic processes, either crystallizing from a molten magma 
or bemg the result of pneumatolysis. 

Localities — ^Handsome crystals of the mineral occur at Arendal, in 
Norway, in Tyrol, and at St Gothard and m the Bmnenthal, Switzer- 
land In the Umted States large crystals have been obtained at Barre, 
Mass , at Sudbury, Chester Co , Penn ; at Stony Point, Alexander Co , 
N C , at Graves Mt , in Georgia, at Magnet Cove, in Arkansas, and 
in Nelson Co , Va. In the latter place it occurs in large quantity as 
crystals disseminated through a coarse granite rock The rock con- 
taining about 10 per cent of rutile is mined as an ore It constitutes the 
prmcipal source of the mineral in the United States A second type 
of occurrence in the same locality is a dike-hke rock, nelsonite, composed 
of ilmemte and apatite, m which the ilmemte is m places almost 
completely replaced by rutile 

Uses — ^The mineral is not of great economic importance It is used 
in small quantity to impart a yellow color to porcelain and to give an 
ivory tmt to artificial teeth- It is also used in the manufacture of the 
alloy ferro-titamum which is added to steel to increase its strength 
Recently the use of titamferous electrodes in arc lights, and the use of 
titanium for filaments m incandescent lamps ha\e been proposed Some 
of the salts of titanium are used as dyes and others as mordants Most 
of the ferro-titamum made m the Umted States is manufactured from 
titamferous magnetite 

Production — ^The only rutile mined in the Umted States during 1913 
came from Roseland, Nelson Co., Virginia, It amounted to 305 tons of 
concentrates contaimng about 82 per cent T1O2 At the same time there 
were separated about 250 tons of ilmemte (see p 462) 

PoKanite (Mn02) is usually in groups of tiny parallel crystals and 
as crusts of crystals enveloping crystals of manganite (MnO OH). Their 
axial ratio is i * 6647 The color of the mineral is iron-gray. Its streak 
is black, its hardness 6-6 $ and density 4 99. It dissolves in HCl evolv- 
ing chlorme It is distmgmshed from pyrolusite by its greater hardness 
and Its lack of water The mmeral is extremely rare, being found in 
measurable crystals only at Flatten in Bohemia It occurs in pseudo- 
morphs after mangamte at a number of other points in Europe and at a 
few pomts elsewhere, but in most cases it has not been clearly distin- 
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guished from pyrolusite The ranty of its crj-stals is regarded by some 
mmeralogists as being due to the fact that m most of its occurrences 
poliamte is colloidal (a gel) 

Plattnerite (PbOi) is usually massive, but it occurs in prismatic 
crystals near Mullan m Idaho Their axial ratio is i : 6764 They are 
usually bounded by 00 P 00 (100), 3P 00 (301), P 00 (loi), oP (001) and 
often IP (33 2) The mineral is found also m crusts Its color is 
iron-black and its streak chestnut-brown Its hardness is 5-5 5 and 
its density 8 6 It is brittle and is easily fusible before the blovr- 
pipe, giving off oxygen and colormg the flame blue It yields a lead 
bead It is difficultly soluble m HNO3, but easily soluble in HCl with 
evolution of chlorine. Plattnente is found at LeadhiUs and at Wanlock- 
head, Scotland, and at the As You Like ” Mine near Mullan, Idaho. 


Pyrolusite (Mn02) 

Pyrolusite is often the result of the alteration of the hydroxide, man- 
gamte, or of poliamte. The few measurable crystals that have been 
studied seem to indicate that their form is pseudomorphic after the 
hydroxide The change by which mangamte may pass over into pyro- 
lusite IS represented by the reaction 2Mn0(0H)+0=2Mn02+H20. 
Pyrolusite may be, however, only a slightly hydrated form of poliamte. 

An analysis of a specimen from Negaunee, Mich., gave 

MnO O CaO BaO S1O2 Limomte H2O Total 
79 46 17 48 18 38 18 .31 I 94 99 93 

Pyrolusite, as usually found, is m granular or columnar masses, or in 
masses of radiatmg fibers It is a soft, black mmeral with a hardness of 
only 2 or 2 5 and a density of about 4.8 Its luster is metallic and its 
streak black It is a fairly good conductor of electricity. 

The reactions of this mineral are practically the same as those of 
polianite and manganite (see p 191), except that only a small quantity 
of water is obtained from it by heating. Upon strong heating it yields 
oxygen, according to the equation 3Mn02=Mn3+302. 

The manganese minerals are easily distinguished from other minerals 
by the violet color they give to the borax bead and by the green pixiduct 
obtained when they are fused with sodium carbonate. Pyrdusite is 
distinguished from manganic by its physical propertfcs, and from pdir 
amte by its softness 
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Localities — ^Pyrolusite is worked at Elgersberg, near Ilmenau in 
Thunngia, at Voider Ehrensdorf in Moravia, at Flatten in Bohemia, 
at CartersviUe, Ga , at Batesville, Ark , and m the Valley of Virgima 
A manganiferous silver ore containing considerable quantities of pyro- 
lusite is mined in the Leadville district, Colorado, and large quan- 
tities of manganiferous iron ores are obtained in the Lake Superior 
region 

Uses — ^Pyrolusite, together with the other manganese ores with 
which it IS mixed, is the source of nearly all the manganese compounds 
employed m the arts Some of the ores, moreover, are argentiferous 
and others contam zinc From these silver and zinc are extracted The 
most important use of the mineral is m the iron industry. In this indus- 
try, however, much of the manganese employed is obtained from man- 
ganiferous iron ores The alloys spiegeleisen and ferro-manganese are 
employed very largely in the production of an iron used m casting car 
wheels. It is extremely hard and tough The manganese minerals are 
also used in glass factones to neutralize the green color imparted to glass 
by the ferruginous impurities in the sands from which the glass is made 
They are also used in giving black, brown and violet colors to pottery 
and some of their salts are valuable mordants Pyrolusite, finally, is the 
prmcipal compound by the aid of which chlorine and oxygen are pro- 
duced. 

Production — ^The United States in 1912 produced about 1,664 tons 
of manganese ores, valued at $15,723, and all came from Virgima, South 
Carolma and Cahforma In previous years the ores had been mined 
also m Arkansas, Tennessee and Utah Moreover, there were imported 
into the country 300,661 tons, valued at $1,769,000 Nearly all of this 
was used in the manufacture of spiegeleisen The domestic product was 
used in the chemical mdustnes largely in the manufacture of manganese 
brick Of the manganiferous iron ores about 818,000 tons were produced 
m 1912 These were utihzed mainly as ores of iron, though a large por- 
tion was used as a flux. The product of manganiferous silver ores aggre- 
gated about 48,600 tons, all of which was used as a flux for silver-lead 
ores. Nearly all of this came from Colorado In addition there were 
imported iron-manganese alloys valued at $3,935,000. 

Anatase and BrooMte (Ti02)^ 

As has already been stated, the compound T1O2 is trimorphous, one 
form bemg orthorhombic and the two others tetragonal Of the latter, 
one has already been described as rutile The other is anatase, or octa- 
hednte. The orthorhombic form is known as brookite Anatase and 
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rutile are separated because of the difference in their aTial ratios and in 
the habits of their crystals Both are ditetragonal bipyramidal, but 
flic for rutile is i i 6439 lor anatase i . i 7771 Brookite is 
orthorhombic bipyramidal with a: b- c= 8416 : i : 

Both anatase and brookite have the same empincal mnipn etti'nii 
which is similar to that of rutile 

Crystals of anatase are usually sharp pyramidal with the form P(iii) 
predominating (Fig 85), blunt pyramidal with |P(ii3) or ^P(ii7) 
predominatmg (Fig 86), or tabular parallel to oP(ooi) Twms are 
common in some localities, with P 00 (roi) the twinning planp The 
angle in A 11^1 = 82° 91' 

The mineral is colorless and transparent, or dark blue, yellow, brown 



Fig 8s Fig 86 


Fig 85 — ^Anatase Crystal with P in (^) 

Fig 86 — Anatase Crystal with fP, 113 (s), P, in (^), }Pt 117 W; ooP, no (*»), 
00 P 00 , icx) (a) and P qo , loi (t) 

or nearly black and almost opaque Its streak is colorless to light 
yellow. Its cleavage is perfect parallel to P and oP and its fracture 
conchoidal Its hardness is between 5 and 6 and its density is 3.9. This 
increases to 4 25 upon heating to a red heat, possibly due to its partial 
transformation into rutile The mineral is insoluble in acids except 
hot concentrated H2SO4. It is a nonconductor of electncity. Its 
indices of refraction for yellow light are ct>= 2 5618, €= 2 4886 

Brookite crystals are usually tabular parallel to ooPw(ioo) and 
elongated in the direction of the c axis Nearly all crystals are 
striated in the vertical 2one Although many forms have been identi- 
fied on them, by far the most common is P2(r22) In some cases this is 
the only pyr amidal form present, as in the t3?pe known as arkonsUe 
(Fig. 87) Twins are rare, with 00 P2(2io) the twi n ni n g plane. The 
angle III A 11^1 = 64° 17'. 
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Brookite may be opaque, translucent or transparent Its color 
vanes from yellowish brown, through brownish red, to black (arkansite) 
Its streak is browmsh yellow Its cleaiage is imperfect parallel to 
00P06 (101), and its fracture uneven or conchoidal Its hardness is 
5-6 and density about 4. Upon heating its density increases to that of 
rutile Its refractive indices for yellow hght are «= 2 5832, j8= 2 5856, 
7=2 7414 It fuses at about 1560®, and is insoluble m acids 

The chemical properties of both brookite and anatase are similar 
to those of rutile They are distingmshed from rvtile by their physical 
properties and their crystallization 

Both brookite and anatase alter to rutile 

Syntheses — Upon heating T1F4 with water vapor at a temperature 



Fig S7 — Brookite Crystals with mP, no (w), |P, 113 (j) and P^, 122 (r) The 
combindtion m and e is characteristic lor \rkanbitc 


below that of vaporizing cadmium, crystals of anatase are produced. 
If the temperature is raised above the point of vaporization of cadmium 
and kept below that of zmc, crystals of brookite result 

Occurrence — ^Brookite and anatase occur as crystals on the walls of 
clefts in crystalline silicate rocks and in weathered phases of volcamc 
rocks. They are mainly pneumatolytic products, the production of the 
one or the other depending upon the temperature at which the T1O2 was 
d^osited 

LocdtUes — Fme brookite crystals are found at St Gothard, in 
Switzerland, at Pregrattan, in the Tyrol, near Tremadoc, in Wales, 
at Miask, in Russia, and at Magnet Cove, Arkansas 

Anatase crystals are less common than those of brookite but they 
occur at many points in Switzerland, especially m the Binnenthal, 
near Bourg d’Oisans, France, at many points m the Urals, Russia, in 
the diamond fields of Brazil, and at the brookite occurrences m Arkansas. 
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THE HYDROXIDES 


The hydroxides, as has already been explained, may be looked upon 
as derivatives of water, m which only a portion of the hydrogen has been 
replaced. The group includes several mmerals of econonix importance, 
among which is the fine gem mmeral opal All the hydroxides yield 
water when heated in a glass tube, but they do not neld it as readily as 
do salts contammg water of crystallization 

A few of the hydroxides may act as aads forming salts with metals 
Diaspore, for instance, is an hydroxide of al uminium AlO-OH, or 


Al^ 


/ 0 -H 


, which appears to be able to form salts, at least, the chemical 


composition of some of the members of an important group of minerals, 
the spmels, may be explamed by regarding them as salts of this add 
(seep 195) 

Opal (Si02+Aq) 


The true position of opal in the classification of minerals is somewhat 
doubtful From the anal)raes made it appears to be a combination of 
amorphous sihca and water, or, perhaps, a mixture of sihca in some form 
and a hydroxide of silicon The percentage of water present is variable. 
In some specimens it is as low as 3 per cent, while in others it is as high 
as 13 per cent The mmeral is not known in crystals. It is probably a 
colloid, m which the water is, in part at least, mechanically held in a gel 
of SiOz. It occurs only m massive form, in stalactitic or globular masses 
and in an earthy condition. 

When pure the mineral is colorless and tran^rent Usually, how- 
ever, it is colored some shade of yellow, red, green or blue, when it is 
translucent or sometimes even opaque. The red and ydlow varieties con- 
tam iron oxides and the green, prasopd, some nickel compound The 
play of color m gem opal is due to the interference of light rays reflected 
from the sides of thin layers of opal material with different denaties 
from that of the mam mass of the mineral they traverse. Tlie hardness 
of opal is 5 5-6 5 and its density about 2.1 Its refractive index fw: 
yellow light, »= 1.4401. It is a nonconductor of dectridty. 

179 
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The principal varieties of opal are 

Preaotis opal^ a transparent variety exhibiting a delicate play of 
colors, 

Fvre opal, a precious opal in which the colors are quite brilliant 
shades of red and yellow, 

Gtrasol, a bluish white translucent opal with reddish reflections, 

Common opal, a translucent variety without any distinct play of 
colors, 

Cachalong, an opaque bluish white, porcelain-like variety. 

Hyalite, a transparent, colorless variety, usually in globular or 
botryoidal masses, and 

Siliceous sinter, white, translucent to opaque pulverulent accumula- 
tions and hard crusts, deposited from the waters of geysers and other 
hot sprmgs. 

Tnpolite and infusorial earth are pulverulent forms of silica in which 
opal is an important constituent Tnpoh is a light porous siliceous 
rock, supposed to have resulted from the leaching of calcareous material 
from a siliceous limestone Infusorial earth represents the remains of 
certam aquatic forms of microscopic plants known as diatoms 

Flint and Chert are mixtures of opal, chalcedony and quartz 

All varieties of opal are infusible and all become opaque when heated 
When boiled with caustic alkahes some varieties dissolve easily, while 
others dissolve very slowly. 

Syntheses — Coatmgs of material like opal have been noted in glass 
flasks contaimng hydrofluosihcic acid that had not been opened for 
several years Opal has also been obtained by the slow cooling of a 
solution of silicic acid in water. 

Occurrence — ^The mineral occurs as deposits around hot springs 
It also forms veins in volcanic rocks and is embedded m certain lime- 
stones and slates, where it is probably the result of the solution of the 
siliceous spicules and shells of low forms of life and subsequent deposi- 
tion It also results from the solution of the calcite from limestones 
contaimng finely divided silica 

It is not an uncommon alteration product of silicates It seems to 
have been deposited from both cold and hot water 

Ij>cdUies.—^xtdous, opal is found near Kashan, in Hungary, at 
Zimapan, Quaretaro, m Mexico, in Honduras, in Queensland and 
New South Wales, Australia, and m the Faroe Islands Common opal is 
abundant at most of these localities and is found also in Moravia, 
Bohemia, Iceland, Scotland and the Hebrides Hyalite occurs in small 
quantity at several places in New York, New Jersey, North Carolina, 
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Georgia and Florida, and common opal, at Cornwall, Penn., and in 
Calaveras Co , Califorma Common opal and varieties exhibitmg a little 
fire have recently been explored m Humboldt and Lander Counties, 
Nevada Siliceous sinter is deposited at the Steamboat Sprmgs m 
Nevada and gey sente (a globular form of the smter) at the mouths of the 
geysers in the Yellowstone National Park 

Uses — ^The precious and fire opals are popular and handsome gems 
Opahzed wood, i e , wood that has been changed into opal in such a 
manner as to retam its woody structure, is often cut and polished for use 
as an ornamental stone Infusonal earth, a white earthy deposit of 
microscopic shells consistmg largely of opal material, possesses many 
uses It IS employed m the manufacture of soluble glass, polishing 
powders, cements, etc , and as the “ body,” which, saturated with mtro- 
glycenne, composes dynamite, Tripoh, a mixture of quartz and opal, 
IS used as a wood filler, in making pamt, as an abrasive and m the 
manufacture of filter stones. The principal sources of commercially 
valuable opal material in the Umted States are the opahzed forest in 
Apache Co., Ariz , the infusonal earth beds at Pope’s Creek and Dun- 
kirk, Md , various places m Napa Co , Cal , at Virgmia City, Nev , 
and at Drakesville, N. J., and the tnpoh beds in the neighborhood of 
Stella, Mo , and the adjoining portion of Illinois 

Froiudion — ^The total quantity of infusonal earth and tnpoh mined 
dunng 1912 was valued at $125,446. The aggregate value of precious 
opal obtained in 1912 was $10,925. TlSrcame from California and 
Arizona. 

Brucite (Mg(OH)2) 

Brucite is the hydroxide of magnesium. It is a white, soft mineral 
usually occurring in crystals or in foliated masses 

Analyses of the mineral correspond very closely to the formula 
Mg(0H)2 which requires 41 38 per cent Mg, 27 62 per cent 0 and 31.00 
per cent H2O, though they usually show the presence of small quantities 
of iron and manganese A specimen from Reading, Penn., yielded: 

MgO Fe203 MnO H2O Total 

67.64 82 63 30 92 100 01 

The oystallization of brucite is hexagonal (ditrigonal scalenohedral), 
a : : 1.5208 The crystals are tabular in habit in consequence of 

the broad development of the basal plane oP(oooi). The other forms 
present are R(ioli), — 4R(o44i) and — |R(oiT3) (Fig. 88) The angle 
roT I A 7 ioi = 97® 38'. 
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The cleavage of bnicite is very perfect parallel to oP(ooi), and folia 
that may be split off are flexible The mineral is sectile Its hardness 
is 2 5 and its density 2 4 Its color is white, inclining to bluish and 
greenish tints, and its luster pearly on oP Brucite is transparent to 
translucent It is pyroelectric and a non- 
conductor of electncity Its refractive indices 
for red light are i 559, c= i 579 

In the closed tube brucite, like other hy- 
droxides, pelds water The mineral is infusi- 
ble When intensely heated, it glows After 
Fig 88 —Brucite Crystal heatmg, it reacts alkaline When moistened 
wi^ oR, oTOi (c), R, cobalt mtrate solution and heated, it turns 
^”-4R 7441* characteristic reaction for magnesium 

The pure mineral is soluble in acids 
Brucite resembles in many respects gypsum, talc, diaspore and some 
micas It is distmgmshed from dtaspore and mica by its hardness and 
from talc by its solubihty in acids Gypsum is a sulphate, hence the 
test for sulphur will sufficiently characterize it 

Synthesis — Crystals have been made by precipitating a solution of 
magnesium chloride with an alcohohc solution of potash, dissolving the 
precipitate by heatmg with an excess of KOH and allowing to cool 
Occurrence and Origin — Brucite is usually associated with other 
magnesium minerals It is often found in veins cutting the rock known 
as serpentme, where it is probably a weathenng product, and is some- 
times found m masses in limestone, especially near its contact with 
igneous rocks 

Localities — ^It occurs crystallized in one of the Shetland Islands, at 
the Tilly Foster Iron Mine, Brewster, N Y , at Woods Mine, Texas, 
Penn , and at Fritz Island, near Reading, in the same State 


Gibbsite (Al(OH)3) 

Gibbsite, or hydrargillite, is utilized to some extent as an ore of alu- 
mimum It occurs as crystals, in granular masses, in stalactites and m 
fibrous, radiating aggregates 

Its theoretical composition demands 6541 per cent AI2O3 and 
34.59 per cent H2O Usually, however, the mineral is mixed with bauxite 
(Al20(0H)4) and in addition contains also small quantities of iron, 
magnesium, silicon and often calcium 

Crystals are monodmic with a : 6 : c= 1.709 *1:1 918 and 18=85° 
29I'. Their habit is tabular. Besides the basal plane, oP(ooi), the 
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two most prominent forms are aoPoo (loo) and aoP(iioi Thus the 
plates have hexagonal outlines They ha\e a perfect cleavage parallel 
to the base Twinning is common, with oP(ooi) the twmning plane 

The mineral has a glass} luster except on the basal plane where its 
luster IS pearly It is transparent or translucent, white, pink, green or 
gray Its streak is hght, its hardness is 2-3 and specific graxity 2 35 
It IS a nonconductor of electncit3\ Its refractue indices are a — 3 
= i 5347, 7=1 5577 

WTien heated before the blowpipe the mineral exfohates, becomes 
w’hite, glows strongly but does not fuse Upon cooling the heated mass 
IS hard enough to scratch glass The mmeral dissolves slowiy but com- 
pletety in hot HCl and in strong H2SO4, and gives a blue color w’hen 
moistened with Co(N03)2 solution and heated. 

Gibbsite resembles most closely bauxite, from which it is distin- 
guished prmcipally by its structure It differs from umellite (p. 287), 
wrhich it also sometimes resembles, in the abseilfce of phosphorus. 

Syntheses — Ciy^stals of gibbsite have been made b\ heatmg on a 
w’ater bath a saturated solution of Al(OH)3 in dilute ammonia untu all 
of the ammonia evaporates, and also by gradually precipitating the 
h}droxide from a w^arm alkalme solution by means of a slow stream 
of CO2 

Occurrence — ^The mineral rarely occurs in pure form It is found in 
vems and in caxnties m various schistose and igneous rocks. It is prob- 
ably a weathering product of alummous sihcates. 

Localities — Gibbsite has been reported as existmg in small quantities 
at various points m Europe, near Bombay, India, and at several places 
m South America and Africa. In the Umted States it occurs at Rich- 
mond, Mass , at Umon Vale, Dutchess Co , N Y., and mixed with 
bauxite at several of the occurrences of this mineral (see page 186). 

Uses , — ^It is mined with bauxite as a source of aluminium. 

Limonite (Fe403(0H)b) 

Limomte is an earthy or massixe reddish brown mineral whose 
composition and ciy^stallization are but imperfectly known It is an 
important iron ore called in the trade browm hematite ” 

The analyses of limomte range between wide limits, largely because 
of the great quantities of impunties mixed with it. The formula de- 
mands 59 8 per cent Fe, 25 7 per cent 0 and 14.5 per cent water, but the 
percentages of these constituents foimd in different specimens only 
approximately correspond to these figures Many mineralogists regard 
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Ete 89 — Limonite Stalactites m Silverbow Mine, Butte, Mont {After W H Weed ) 



Fig 90 — ^Botiyoidal Lunomte 
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limonite as colloidal goethite (FeO OH^ with one molecule or more of 
H2O, depending upon temperature The pnncipal impurities are cia\% 
sand, phosphates, sihca, manganese compounds and orgamc matter 
The great vanety of these is thought to be due to the tact that the 
limonite, like other gels, possesses the pouer of absorbing compounds 
from their solution, so that the mmeral is m reaiit> a mncture of col- 
loidal iron h\dro\ide and \arious compounds which differ in different 
occurrences 

The mineral occurs in stalactites (Fig 89^ in botiyoidal forms tFig 
90), m concretionary and ciay-like masses and often as pseudomorphs 
after other minerals and after the roots, lea\es and stems of trees 

Limomte is brown on a fresh fracture^ though the surface of many 
specimens is co\ ered nith a black coating that is so lustrous as to appear 
varnished Its streak is yello^nsh brown Its hardness is a little o\ er 
S and its density about 3.7. The mineral is opaque and its luster is dull, 
silky or almost metallic according to the physical conditions of the spec- 
imen. Its mdex of refraction is about 25 It is a nonconductor of 
electricity 

The varieties recognized are. compact, the stalactitic and other 
fibrous forms, ocherous, the brown or yellow earthy, impure vanety', 
bog iron, the porous variety found m marshes, pseudomorphing leav'es, 
etc , and brown clay ironstone, the compact, massive or nodular 
form. 

In its chemical properties hmomte resembles goeV tte, from which it 
can be distmguished only with great difficulty except w'hen the latter is 
m crystals From uncrystalhzed vaneties of goethite it can usually be 
distmguished only by quantitative analysis, although in pure specimens 
the streaks are different 

Occurrence and Origin. — ^Limonite is the usual result of the decom- 
position of other iron-bearing minerals Consequently, it is often found 
m pseudomorphs. In almost all cases where large beds of the ore occur 
the material has been deposited from fernferous water nch m organic 
substances One of the commonest types of occurrence is “ gossan.’^ 
In the production of this type of ore, those portions of veins carrying 
ferruginous minerals are oxidized under the influence of oxygen-bearing 
waters, forming a layer composed largely of limonite which covers the 
upper portion of the veins and hides the or^nal vein matter Gossan 
ores denved from chalcopynte and pynte are common m all r^ons in 
which these minerals occur Another type of limonitic ore comprises 
those found in clays derived from limestones by weathering In such 
deposits the ore occurs as nodules and m pockets in the day. Ores of 
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this type are common in the valleys within the Appalachian Moun- 
tains Bog iron ores occur in swamps and lakes into which ferruginous 
solutions dram The iron may come from pyrite or iron silicates in the 
drainage basins of the lakes or swamps When carried down it is oxi- 
dized by the air and sinks to the bottom 

Localities —The mineral occurs abundantly and in many different 
localities The most important American occurrences are extensive 
beds at Sahsbury and Kent, Conn , at many points in New Jersey, 
Pennsyhama, Michigan, Tennessee, Alabama, Ohio, Virginia and 
Georgia 

Uses — ^Although contaimng less iron than hematite, on account of 
Its cheapness, and the ease with which it works m the furnace, brown 
hematite is an important ore of this metal The earthy \arieties are 
used as cheap paints 

Production — ^The yield of the United States “ brown hematite ’’ 
mines for 1912 was a little over 1,600,000 tons Of this amount the 
largest yields were 

Alabama 749,242 tons 

Virginia tons 

Tennessee 171,130 tons 

The quantity of ocher produced m the United States during the same 
year amounted to about 15,269 tons, valued at $149,289 Most of it 
came from Georgia In addition, 8,020 tons were imported. This 
had a value of $148,300 


Bauxite (Al20(0H)4) 

Bauxite, or beauxite, like limonite, is probably a colloid At any 
rate it is unknown in crystals Until recently it possessed but little 
value It is now, however, of considerable, importance as it is the pnn- 
cipal source of the aluminium on the market 

The mineral is apparently an hydroxide of aluminium with the for- 
mula Al20(0H)4 or AI2O3 2H2O in which 26 i per cent is water and 
73 9 per cent alumma (AI2O3), but it may be a colloidal mixture of the 
gibbsite and diaspore (p 190) molecules, or of various hydroxides, 
smce Its analyses vary within wide limits A sample of very pure 
material from Georgia gave on analysis 

AI2O3 Fe203 S1O2 T1O2 H2O 

62 46 81 4 72 23 31 
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Bauxite occurs in concretionar\ grams (Fig gi^ in earthy, cla\’-iike 
forms and massi\ e, usually in pockets or lenses in cid\ resulting from the 
weathering of limestones or of s\emte It is white when pure, but as 
usually found is 3'ellow’, graj , red or brown m color, is translucent to 
opaque and has a colorless or ver>- light streak. Its densitx is 2 55 
and its hardness an}^’here between i and 3 Its luster is dull. It is 
a nonconductor of electricity 

Before the blowpipe bauxite is infusible In the closed'tube it }uelds 



Fig. 91 — ^Pisolitic Bauxite, frcmi near Rock Run, Cherokee Co , Ala. 

water at a high temperature. Its powder when intensely heated with a 
few drops of cobalt mtrate solution turns blue. The mineral is with 
difficulty soluble in hydrochloric aad. 

Occurrence and Origin — ^Bauxite in some cases may be a deposit from 
hot alkaline waters, but in Arkansas it is a residual weathering product 
of the igneous rock, syenite. It occurs in beds associated with corundum, 
clay, gibbsite and other aluminium minerals. 

Localities . — Large deposits of the ore occur at Baux, near Arles, 
France, near Lake Wochem, in Camioia, in Nassau; at Antrim, Ire- 
land, in a stretch of country between Jacksonville, Fla., and Carters- 
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ville, Ga , m Saline and Pulaski Counties, Ark , in Wilkinson Co , Ga , 
and near Ckattanooga, Tenn 

Preparation —The ore is mined by pick and shovel, crushed and 
washed It is then, in some cases, dried and broken into fine particles 
The fine dust is separated from the coarser material, and the latter, 
which comprises most of the ore, is heated to 400° This changes the 
iron compounds to magnetic oxide which is separated electro-mag- 
netically The concentrate contains about 86 per cent of AI 2 O 3 This 
IS then purified and dissolved in a molten flux, in some cases cryolite, 
and is subjected to electrolysis The quantity of aluminium made in the 
Umted States durmg 1912 was over 65,600,000 lb , valued at about 
$17,000,000. The value of the alumimum salts produced was about 
$3,000,000. 

Uses — ^Bauxite (or more properly the mixture of bauxite and gibbs- 
ite) is practically the only commercial ore of aluminium which, on 
account of its lightness and its freedom from tarmsh on exposure, has 
become a very popular metal for use in various directions It is em- 
ployed in castings where light weight is desired and m the manufacture 
of ornaments and of plates for mtenor metallic decorations It is also 
employed m the steel industry, and, in the form of wire, for the trans- 
mission of electricity The mineral is also used in the manufacture of 
aluminium salts, in making alundum (artificial corundum), and bauxite 
brick for hnmg furnaces, and in the manufacture of paints and alloys. 

Productwn — ^The bauxite mined in the United States durmg 1912 
amounted to about 159,865 tons valued at $768,932, the greater portion 
conung from Arkansas This is about two-thirds the value of the pro- 
duction of the entire world 


Psilomelane 

Psilomelane is probably a mixture of colloidal oxides and hydroxides 
of manganese in vanous proportions In most specimens there is a 
notable percentage of BaO or K2O present, and m others small quantities 
of lithium and thallium. The barium and potassium components are 
thought to have been absorbed from their solutions 

The substance occurs in globular, botryoidal, stalactitic, and massive 
forms exhibiting, in many instances, an obscure fibrous structure Its 
color IS black or browmsh black and its streak browmsh black and 
ghstenmg. Its hardness is 5 5-6 and specific gravity 4,2 

Psilomelane is infusible before die blowpipe, m some cases coloring 
the flame green (Ba) and in others violet (K). With fluxes it reacts for 
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manganese. In the closed tube it yields water. It is soluble in HCl 
with evolution of chlonne 

It IS distmguished from most other manganese oxides and hydroxides 
by its greater hardness. 

Ocmrrence — ^Psilomelane occurs m veins associated with p}T:olusite 
and other manganese compounds, as nodules m clay beds, and as coatings 
on many mangamferous minerals In all cases it is probably a product 
of weathering 

Locahties — ^It is found in large quantity at Elgersburg in Thurmgia; 
at Ilf eld, Harz, and at various places in Saxony. In the United States 
it occurs with pyrolusite and other ores of manganese at Brandon, Vt ; 
in the James River Valley, and the Blue Ridge region of Virginia; in 
northeastern Tennessee; at Carters\Tlle, Georgia, at Bates\Tlle, Arkan- 
sas, and in a stretch of country about forty miles southeast of San 
Francisco, California. At many of these points it has been mined as an 
ore of manganese 

Wad 

Wad is a soft, earthy, black or dark brown aggregate of manganese 
compounds closely related to psilomelane 

It occurs in globular, botryoidal, stalactitic, flaky and porous 
masses, which, m some cases, are so light that they float on water. It 
also occurs in fairly compact layers and coats the surfaces of cracks, 
often forming branching stains, known as dendntes 

Wad contams more water than psilomelane, of which it appears 
often to be a decomposition product. More frequently it results from 
the weathering of manganiferous iron carbonate It is particularly 
abundant in the oxidized portions of veins contammg manganese car- 
bonates and silicates 

Wad is easily distinguished from all other soft black minerals, except 
pyrolusite^ by the reaction for manganese, and from all other manganese 
compoimds, except pyrolusite, by its softness From p 3 rrolusite it is 
distinguished by its content of water. 

Localities . — ^It occurs in most of the locahties at which other man- 
ganese compounds are found. 

DIASPORE GROUP 

The diaspore group comprises the hydroxides of aluminium, iron 
and manganese, possessing the general formula R^^D(OH). They are 
regarded as hydroxides in which one of the hydrogens in H 2 O is replaced 
by the group R^^D, thus: H — 0 — ^H, water, AlO — 0 — H, diai^iore These 
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three compounds from a chemical viewpoint, may be looked upon as the 
acids whose salts comprise the spinel group of minerals, which includes 
among others the three important ore minerals magnetite^ chromite and 
frankhmte Of the three members of the diaspore group the manganese 
and iron compounds are valuable ores All are orthorhombic, in the 
rhombic bipyramidal class. 

Diaspore (AIO(OH)) 

Diaspore is found in colorless or light colored crystals, m foliated 
masses and in stalactitic forms 

Its composition is theoretically 85 per cent AI2O3 and ij per cent 



Fro 92 — Diaspore Crystals 00 p So , 010 ® , 00 P3, 130 (5), 00 P, no (w), 00 P2, 
210 (k), Poo, on (e), P2, 212 (^), 00 P2, 120 (/), «P 5 » 150 W, JP$, 

23^ (?) 

H2O, though analyses show it to contain, m addition, usually, some iron 
and silicon A specimen from Pennsylvania yielded, 

AI2O3 H2O F02O3 S1O2 Total 

80 95 14 84 3 12 I S3 100 44 

Other specimens approach the theoretical composition very closely 
In crystallization the mineral is orthorhombic (rhombic bipyramidal 
class), with a b . c= 9372 • i : 6039 The crystals are usually pris- 
matic, though often tabular parallel to 00 P 56 (010) The principal 
planes observed on them are 00 P 56 (010), a senes of prisms as 
ooP(iio), ooP2(2io), ooP3(i3o), the dome Po&(oii) and several 
pyramids (Fig. 92) The planes of the prismatic zone are often ver- 
tically stnated The angle iioA3:7o“86° 17' 

The cleavage of diaspore is very distinct parallel to the brachy- 
pmacoid. Its fracture is conchoidal and the mineral is very brittle. 
Its hardness is about 6 5 and density 3 4 The luster of the mineral is 
vitreous, except on the cleavage surface, where it is pearly. Its color 
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varies widely, though the tint is always hght and the streak colorless 
The predominant shades are bluish white, grayish white, yellowish or 
greemsh white The mineral is transparent or translucent It is a 
nonconductor of electricity Its refractive mdices for yellow light are 
a= 1702, iS=i 722, 7 = 1 750 

In the closed tube diaspore decrepitates and gives off water at a high 
temperature It is infusible and msoluble in acids. When moistened 
with a solution of cobalt mtrate and heated it turns blue, as do all other 
colorless alumimum compounds 

In appearance, diaspore closely resembles Irucite (Mg(OH)2), from 
which it may be distinguished by its greater hardness and its aluminium 
reaction with cobalt mtrate 

Synthesis — Crystal plates of diaspore have been made by heating at 
a temperature of less than 500°, an excess of amorphous AI2Q3 in sodium 
hydroxide, enclosed in a steel tube At a higher temperature corundum 
resulted. 

Occurrence — ^Diaspore occurs as crystals implanted on corundum 
and other minerals, and on the walls of rocks in vrhich corundum is 
found It IS probably in most cases a decomposition product of other 
aluimmum compounds 

Localities — ^In Ekaterinburg, Russia, it is associated with emeiy\ 
At Schemnitz, Hungary, it occurs in veins It is found also m the 
Canton of Tessin, in Switzerland, at various places in Asia Elinor, and 
on the emeiy-beanng islands of the Grecian Archipelago, In the 
United States it is associated with corundum, at Newlm, Chester Co , 
Penn , with emery at Chester, Mass , at the Culsagee corundum mine, 
near Franklm, N C , and at other corundum mines in the same State. 

Manganite (MnO(OH)) 

Manganite usually occurs in groups of black columnar or prismatic 
crystals and in stalactites. 

The formula MnO(OH) requires 27 3 per cent 0 , 62 4 per cent Mn 
and 10 3 per cent w^ater, or 89 7 per cent MnO and 10 3 per cent water. 
In addition to these constituents, the mmeral commonly contains also 
some iron, magnesium, calcium and often traces of other metals. An 
analysis of a specimen from Langban, in Sweden, yielded: 

Mn203 Fe203 MgO CaO H2O Total 

88 SI 23 I 51 62 9 80 100 67 

The orthorhombic crystals of the mineral have an axial ratio a* hi c 
= 8441 : I : .5448 The crystals are nearly all columnar with a series 
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of pnsms, among which are oo P4(4io) and qo P(iio), and the two lateral 
pinacoids oo P o6 (oio) and 8 P 56 (loo) terminated by oP(ooi) or by 
the domes P 56 (on), P 56 (loi), and pyramids (Figs 93 and 94) Cru- 
ciform and contact twms, with the twinnmg plane P 00 (on), are not 
uncommon (Fig 95) The prismatic surfaces are 
vertically stnated and the crystals are often m 
bundles The angle no A iIo=8o® 20' 

Cleavage is well defined parallel to 00 P 06 (010) 
and less perfectly developed parallel to ooP(iio) 
The fracture is uneven The luster of the mineral 
is brilhant, almost metallic Its color is iron-black 
and its streak reddish brown or nearly black It 
Fig 93 — Manganite ig usually opaque but in very thin splinters it is 

^10 oP^oorCc) brown by transmitted light. Its hard- 

^55 \o^n) ^ 4 and density about 4 3. The mineral is 

a nonconductor of electricity 

Mangamte yields water in the closed tube and colors the borax bead 
amethyst in the oxidizing flame of the blowpipe. In the reducing flame, 
upon long-continued heating, this color disappears The mineral dis- 
solves m hydrochloric aad with the evolution of chlorine. It is dis- 




Fig 94 —Group of Prismatic Mangamte Crystals from Lfeld, Harz. 

tinguished from other manganese minerals by its hardness and crystal- 
lization. 

By loss of water mangamte passes readily into pyrolusite (Mn02). 
It also readily alters mto other manganese compounds 

S'yw/feyw.— Upon heating for six months a mixture of manganese 
chlonde and daum caarbonate fine crystals like those of manganite 
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have been obtained Their composition, howe\er, was that of /raws- 
Tnamitte, mdicatmg that \\hile mangamte was produced, it was changed 
to hausmanmte during the process. 

Occurrence^ Localities and Origin — Man- 
ganite occurs m veins in old volcanic rocks, 
and also in limestone It is found at Ilfeld 
in the Harz, at Ilmenau in Thuringia, and 
at Langban in Sweden, in handsome crys- 
tals In the Umted States it occurs at the 
Jackson and the Lucie iron mines, Xegaunee, 

Mich , and in Douglas Co , Colo It is 
also abundant at \arious places in Xew 
Brunswick and Xova Scotia In all cases 
it IS a residual product of the weathermg of 
manganese compounds. 

Uses — Mangamte is used in the production of manganese compounds. 
As mined it is usually mnced \^nth pyTrolusite, this being the most im- 
portant portion of the mixture 



Fig 05 — Mangamte Crjstal 
Twinned about P scion). 
The iorms are 3C P i lo ( wj , 
X p2,i2o ./;andP3 31315) 


Goethite (FeO(OH)) 

This mineral, though occasionally found in blackish brown crystals, 
usually occurs in radiated globular and botryoidal masses Analyses 
of specimens from Maryland, and from Lostwithiel, m Cornwall, gave- 



FejOs 

Mn 2 Q 3 

H2O 

S1O2 

Total 

Maryland 

86 32 


10 80 

2 88 

100 00 

Lostwithiel 

89 55 

16 

10 07 

28 

100 06 


The formida FeO(OH) demands 89.9 per cent Fe2Q3 and 10 i per cent 
H2O or 62.9 per cent Fe, 27 o per cent 0 and 10 i per cent H2O 

Like diaspore and mangamte, goethite is orthorhombic, its axial 
ratio being a : b: 9185 : i : .6068 Its cr\-stais are prismatic or 

acicular with the pnsms plainly stnated vertically The forms observed 
are commonly 00 P 06 (010), qo P5(2io\ 00 P(iio), P 06 (on) and P(rii). 
The angle no A iTo=85® 8'. 

The deavage of goethite is perfect parallel to 00 P 08 (010) and its 
fracture uneven Its hardness is 5 and density about 44- Its color is 
usually yellowish, reddish or blackish brown and its luster almost 
metalhc In thin splmters it is often translucent with a blood-red color 
and a refractive index of about 2 5 Its streak is brownish yellow. It 
IS an electric nonconductor. 
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The chemical reactions of the mmeral are about the same as those of 
hematite, except that it yields water when heated in the closed tube 
By this reaction it is easily distinguished from the fibrous varieties of 
hematite^ as it is also by its streak 

Synthesis — Needles of goethite are produced by heating freshly 
precipitated iron hydroxide for a long time at ioo° 

Occurrence and Localities — Goethite is usually associated with other 
ores of iron, especially in the upper portion of veins, 'where it is produced 
by weathering. It is found near Siegen in Nassau, near Bristol and 
Chfton, England, and in large, fine crystals at Lostwithiel and other 
places in Cornwall 

In the United States it occurs m small quantity at the Jackson and 
the Lucie hematite mines in Negaunee, Mich , at Salisbury, Conn , 
at Easton, Penn , and at many other places 

Uses — Goethite is used as an ore of iron, but in the trade it is classed 
with limomte as brown hematite 



CHAPTER IX 


THE alxj:mixates, ferrites, chromites \xd m.\xg\xites 


IMost of these compounds are salts of the comparativeh uncommon 
acids HAIO2. HFeOo and HCr 02 , which may be regarded as metaacids 
derived from the corresponding normal acids by the abstraction of w’ater, 
thus. H3AIO3— H20=HA10o There are onh a few minerals belong- 
ing to the group but they are important One, magnetite, is an ore of 
iron, another, chronute, is the prmcipal ore of chromium and tw’o others 
are utilized as gems !Most of them are mcluded in the mineral group 
known as the spmels (Compare p 189 ) 

That there is a manganese acid corresponding to the metaacids of Al, 
Fe and Cr is indicated by the fact that in some of the spinels manganese 
replaces some of the feme iron, as, for example, in frankhmte. This 
suggests that this mineral is an isomorphous mixture of a metafernte 
and a salt of the corresponding manganese acid (HMnO^) This may 
be regarded as denved from the hydroxide, MnfOH)3, by abstraction 
of H2O, thus- H3Mn03“H20=Hiln0i. But there are other man- 
ganous acids Normal manganous acid is ^In(OH)4, or H 4 Mn 04 If 
from this one molecule of water be abstracted, there remains H2iMn03, 
the metamanganous acid The manganous salt of the normal acid, 
Mn2Mn04, occurs as the mineral, hausmannite, and the correspondmg 
salt of the metaacid, MnMnOs, as the imneral, braunite. 


SPINEL GROUP 


The spinels are a group of isomorphous compounds that may be 
regarded as salts of the acids AIO(OH), MnO(OH), CrO(OH) and 
FeO(OH), m which the hydrogen is replaced by Mg, Fe and Cr. 


Al — 0 — Ov 

Thus, spind^ Mg- AI2O4 may be regarded as || yMg, magnetite^ 

Fe— 0— Ov Cr-O-Ov 

Fe304, as || ciromite, FeCr 204 , as |j^ ^ 

(Fe Mn) — 0 — Ov 


Jrank*mtte, as 


y(Zn-Mn Fe). Chemical compounds of 


(Fe Mn)— O — (j 
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this general type are fairly numerous, but only a few occur as minerals 
The most important are the three important ores mentioned above, 
spinel IS of some value as a gem stone 

The spinels ciy’stallize in the holohedral divi- 
sion of the isometnc system (hexoctahedral class), 
in well defined crystals that are usually combina- 
tions of O(iii) and ooO(iio), with the addition on 
some of ooOoo (loo), 303(311), 202(211), 50^(531), 
etc Contact twins are so common with 0 the 
twinning plane, that tins type of twinning is often 
referred to as the spinel twinning (Fig 96). 



Fig 96 
Spinel Twin 


The complete hst of the known spinels is as follows. 


Sptnel 

Ceylomte (pleonasie) 

Cklorsptnel 

Ftcohte 

Hercymte 

Gakmte 

Dyslmte 

KretUomte 

Magnetite 

Magnesioferrite 

Franklimte 

Jacobsite 

Chromite 


Mg(A 102)2 

(Mg Fe)(A102)2 

Mg((Al Fe) 02)2 

(Mg Fe)((Al Fe-Cr)02)2 

Fe(A102)2 

Zn(A102)2 

(Zn Fe Mn)((Al Fe)02)2 
(Zn Fe Mg) ((Al Fe)02)2 
Fe(Fe02)2 
Mg(Fe02)2 

(Fe ZnMn)((Fe Mn)02)2 
(Mn Mg)((Fe Mn)02)2 
(Fe Mg)(Cr Fe)02)2 


Spinel (Mg(A102)2) 


Ordmary spinel is the magnesian aluimnate, which, when pure, con- 
tains 28 3 per cent MgO and 71 7 per cent 
AI2O3 Usually, however, there are present 
admixtures of the other isomorphs so that 
analyses often indicate Fe, Al and Cr 

The mmeral usually occurs in isolated 
simple crystals, rarely in groups The forms 
observed on them are O(iii), ooO(iio) and 
303(311); and rarely 00 0 00 (100) (Fig 97) 

The pure magnesium spinel is colorless or 97 —Spinel Crystal 
some shade of pink or red, brown or blue, and 00 O, no 

is usually transparent or translucent, though 3 311 w 

opaque varieties are not rare Its streak is white It possesses a glassy 
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luster, and a conchoidal fracture, but no distinct cleavage Its hard- 
ness IS 8 and its density 3 5-3 6 Its refractive indices \ar\^ with the 
color 71 for yellow light is i 7150 for red spinel and i 7201 for the blue 
variety. 

The mineral is infusible before the blowpipe and is unattacked by 
acids It yields the test for magnesia with cobalt solution 

Spmel IS easily distinguished from most other minerals by its crys- 
tallization and hardness It is distingtushed from pale-colored ganiet 
by Its bloTvpipe reactions, especially its infusibility, and its failure to 
respond to the test for S1O2 

The best known vaneties are: 

Precious spmel, which is the pure magnesian aluminate. It is trans- 
parent and colorless or some hght shade of red, blue or green. The 
bright red vanety is known as rithy spinel and is used as a gem Its 
color is believed to be due to the presence of chromium oxide It is 
easily distinguished from genuine ruby by the fact that it is not doubly 
refracting and not pleochroic. 

The best ruby spinels come from Ceylon, where they occur loose m 
sand associated with zircon, sapphire, garnet, etc. 

Common spinel differs from precious spmel m that it is translucent. 
It usually contains traces of iron and alumina. 

Both these varieties of spmel occur m metamorphosed hmestones 
and crystalline schists. 

Syntheses — ^The spinels have been made by heatmg a mixture of 
AI2O3 and MgO with boracic acid until fusion ensues, and by heating 
Mg(OH)2 with AICI3 in the presence of water vapor 

Origin — ^Spinel has been descnbed as an alteration product of corun- 
dum and garnet It is also a primary component of igneous rocks and 
a product of metamorphism in rocks nch m magnesium 

Uses — Only the transparent ruby spinels have found a use. These 
are employed as gems 

C^lonite, or pleonaste, is a spinel in which a portion of the Mg 
has been replaced by Fe, t e , is an isomorphous mixture of the magne- 
sian and iron aluminates, thus ((Mg Fe)(A102)2) It is usually black 
or green and translucent, and has a brownish or dark greenish streak 
and a density =3 5-3 6 

The analysis of a sample separated from an igneous rock in Madison 
Co , Mont., gave, 

AI2O3 FeO MgO Cr203 Fe203 MnO CaO S1O2 Total 

62 09 17 56 1$ 61 2 62 2 10 tr 16 55 100 69 
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Ceylomte occurs in igneous rocks in the Lake Laach region, 
Germany, and m the Piedmont district, Italy and elsewhere, in meta- 
morphosed limestones at Warwick and Amity, N Y , in the limestone 
blocks enclosed in the lava of Vesuvius, and in dolomite metamor- 
phosed by contact action at Monzoni, Tyrol 

Picotite, or chrome spinel, is a \ariety intermediate between spinel 
proper and chromite Its composition may be represented by the 
formula (Mg Fe)((Al Fe Cr)02)2 It occurs only in small crystals in 
basic Igneous rocks and in a few crystalline schists Density =4 i 

Magnetite (Fe(Fe02)2) 

Magnetite, the ferrous ferrite, the empirical formula of which is 
Fe304, is a heavy, black, magnetic mineral which is utilized as one of 
the ores of iron 

The pure mineral consists of 72 4 per cent Fe and 27 6 per cent 0 
Most specimens, however, contain also some Mg and many contain small 
quantities of Mn or Ti A selected sample of magnetite from the Ehza- 
beth Mine, Mt Hope, New Jersey, analyzed as follows 

Fe203 FeO S1O2 T1O2 AI2O3 MgO CaO Other Total 
6s 26 30 20 I 38 I 09 ss 10 68 73 99 99 

Magnetite occurs in crystals that are usually octahedrons or dodeca- 
hedrons, or combinations of the two ^ Other forms are rare Twins 
are common The mineral occurs also as sand 
and in granular and structureless masses When 
the dodecahedron is present, its faces are fre- 
quently striated parallel to the edge between 
a)O(iio) and O(iii) (Fig 98) 

Magnetite is black and opaque and its streak Fig 98 —Magnetite 
is black It has an uneven or a conchoidal frac- Crystal, with co 0 
ture, but no distinct cleavage Its hardness is ^ 

S.5-6 and density 4 9-5 2 It is strongly attracted Sef to Se'rw 
by a magnet and in many instances it exhibics and m 
polar magnetism 

The mineral is infusible before the blowpipe Its powder dissolves 
slowly in HCl, and the solution reacts for ferrous and ferric iron 

Magnetite is easily recognized by its color, magnetism, and hardness 

The mineral weathers to limomte and hematite and occasionally to 
the carbonate, sidente. 
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Syntheses, — Cn-stals have been made by cooling iron-bearing sihcate 
solutions, treating heated ferric hydroxide v,ith HCl, and by fusing 
iron oxide and borax vnih a reducmg flame 

Occurrence end Ortgin, — ^The mmeral occurs as a constituent of 
many igneous rocks and ciy’stalline schists, and m lenses embedded in 
rocks of many kinds It also constitutes veins cuttmg these rocks 
and as irregular masses produced h\ the dehydration and deoxidation 
of hematite and limomte under the mfluence of metamorphic processes. 
It occurs also as httle grams among the decomposition products of 
iron-bearing silicates, such as olnme and hornblende. 

The larger masses are either segregations from igneous magmas or 
deposits from hot solutions and gases emanating from them. 

Localities — ^The locabties at ^^hich magnetite has been found are so 
numerous that only those of the greatest economic importance may be 
mentioned here. In Norway and S^\eden great segregated deposits are 
worked as the principal sources of iron m these countries. In the 
Umted States large lenses occur in the hmestones and sihceous crys- 
talline schists in the Adirondacks, New York, and in the schists and 
granitic rocks of the Highlands in New Jersey Great bodies are mined 
also at Cornwall, and smaller bodies at Cranberry, and in the Far 
West 

Extractiofi — ^The magnetite is separated from the rock with which it 
occurs by crushing and exposing to the action of an electro-magnet. 

Production — ^The total amount of the mineral mined in the United 
States during 1912 was 2,179,500 tons, of which 1,110,345 tons came 
from New York, 476,153 tons from Pennsylvania, and 364,673 tons 
from New Jersey. 

Franklimte ((Fe-Zn Ma)((Fe-Mn) 02 ) 2 ) 

Franklimte resembles magnetite in its general appearance. It is an 
ore of manganese and zme 

It differs from magnetite in contaimng Mn in place of some of the 
ferric iron in this mmeral and Mn and Zn in place of some of its ferrous 
iron. Smee it is an isomorphous mixture of the iron, zinc and manganese 
salts of the iron and manganese acids of the general formula R'''0(0H), 
Its composition varies within wide hmits The franklimte from Mine 
Hill, N. J , contains from 39 per cent to 47 per cent Fe, 10 per cent to 
19 per cent Mn and 6 per cent to 18 per cent Zn A specimen from 
Fra nklin Furnace, N J., contained, 

Fe203 MnO ZnO MgO CaO SiCfe H 3 O Total 
66 58 9 9 <^ 77 34 -43 - 72 -71 99-51 
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Its crystals are usually octahedrons, sometimes modified by the do- 
decahedron and occasionally by other forms The mineral occurs also 
m rounded grams, m granular and in structureless masses 

It is black and lustrous and has a dark brown streak Its fracture 
and cleavage are the same as for magnetite It is only very slightly 
magnetic It has a hardness of 6 and a density of 5 15 

The mineral is infusible before the blowpipe When heated on 
charcoal it becomes magnetic When fused with Na2C03 m the oxidizing 
flame it gives the bluish green bead characteristic of manganese Its 
fine powder mixed with Na2C03 and heated on charcoal yields the white 
coating of zinc oxide which turns green when moistened with Co(N03)2 
solution and again heated 

Franklimte is distinguished from most minerals by its color and crys- 
tallization and from magnetite and cJroimte by its brown streak and 
by its reactions for Mn and Zn It is also characterized by its associa- 
tion with red zincite and green or pink willemite (p 306) 

Synthests — Crystals of franklimte have been made by heating a 
mixture of FeCla, ZnCb and CaO (lime) 

Occurrence and Origin — ^Franklimte occurs at only a few places Its 
most noted localities are Franklin Furnace and Sterling Hill, N J , where 
it IS associated in a white crystalline limestone with zincite, willemite 
and other zinc and manganese compounds The deposit is supposed 
to have been produced by the replacement of the limestone through the 
action of magmatic waters and vapors. 

Uses , — ^The mineral is utilized as an ore of manganese and zinc 
The ore as mined is crushed and separated into parts, one of which 
consists largely of franklimte This is roasted with coal, when the zinc 
is driven off as zinc oxide The residue is smelted in a furnace producing 
spi^eleisen, which is an alloy of iron and manganese used in the man- 
ufacture of certain grades of steel 

Production — ^The quantity of this residuum produced m 1912 was 
104,670 tons, valued at $314,010 

Chromite (Fe(Cr02)2) 

Chromite, or chrome-iron, is the principal ore of chromium. It 
resembles magnetite and franklmite in appearance It occurs in iso- 
lated crystals, in granular aggregates, and m structureless masses. 

Chermcally, it is a ferrous salt of metachromous acid, of the theoret- 
ical composition Cr203=68 per cent and FeO=32 per cent, but it usually 
contains also small quantities of AI2O3, CaO and MgO An analysis of 
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a specimen from Chorro Creek, Califorma, after making corrections for 
the presence of some serpentine, yielded 

Cr203 AI2O3 Fe203 FeO ^IgO MnO Total 
$6 96 12 32 3 81 12 73 14 02 16 100 00 

Its crystals are usually simple octahedrons, but they are not as 
common as those of the other spmels 

Its color IS brownish black and its streak brown It has a conchoidal 
or uneven fracture and no distinct clea\age It is usually nonmag- 
netic, but some specimens sho^ slight magnetism because of the ad- 
mixture of the isomorphous magnetite molecule Its hardness is 5 5 
and its density 4 5 to 4 8 

The mineral is infusible before the blowpipe It gives the chromium 
reaction with the beads If its powder is fused with mter and the fusion 
treated with water, a yellow solution of K2Cr04 results WTien fused 
with Na2C03 on charcoal it yields a magnetic residue. 

Chromite is easily distinguished from all other minerals but ptco- 
tite by Its cr>’stallization and its reaction for chromium. It is distin- 
gmshed from picotite by its mferior hardness and its higher specific 
gravity. 

Synthesis — Ciy^stals have been made by fusing the proper constit- 
uents with boric acid and after fusion distilling off the boric acid. 

Occurrence mid Origin — Chromite occurs principally in oli\’ine rocks 
and in their alteration product — serpentme The mmeral is found not 
only as crystals embedded in the rock mass, but also as nodules in it 
and as vems traversing it It is probably in all cases a segregation from 
the magma producing the rock In a few places the mineral occurs 
in the form of sand on beaches 

Locdittes — ^It is widely spread through serpentine rocks at many 
places, notably in Brussa, Asia Mmor; at Banat and elsewhere in 
Norway; at Solnkive, in Rhodesia, in the northern portion of New 
Caledonia, at vanous points in Macedonia, m the Urals, Russia; in 
Beluchistan and Mysore, India 

In the United States the mineral is known at several points in a bdt 
of serpentine on the east side of the Appalachian Mountains, and at 
many points in the Rocky Mountains, the Sierra Nevada and the Coast 
Ranges It has been mined at Bare Hills, Maryland, in Siskiyou, 
Tehama and Shasta Counties, Colorado, m Converse County, Wyoming; 
and in Chester and Delaware Counties, Pennsylvania, and in 1914, 
some was washed from chrome sand at Baltimore, Maryland. 
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Metallurgy — ^The mineral is mined by the usual methods and con- 
centrated, or, if in large fragments, is crushed It is then fused with 
certain oxidizing chemicals and the soluble chromates are produced. 
Or the ore is reduced with carbon yielding an alloy with iron The 
metal is produced by reduction of its oxide by metallic alumimum or by 
electrolysis of its salts 

Uses — Chromite is the sole source of the metal chromium, which is 
the chrome-iron alloy employed in the manufacture of special grades 
of steel Chromium salts are used m tanning and as pigments The 
crude ore, mixed with coal-tar, kaohn, bauxite, or some other ingredient, 
IS molded into bricks and burned, after which the bricks are used as 
linings in metallurgical furnaces. These bricks stand rapid changes of 
temperature and are not attacked by molten metals 

Production — ^The annual production of chromite m the world is 
now about 100,000 tons, of which Rhodesia produces about New 
Caledoma about | and Russia and Turkey about | each The produc- 
tion of the United States m 1912 was 201 tons, valued at $2,753. All 
came from Califorma. The imports m the same year were 53,929 tons, 
worth $499,818. 


Chiysoberyl (BeAl 204 ) 

Chrysoberyl is a beryllium aluminate, the composition of which is 
analogous to that of the spmels It may be wntten Be02(A10)2. Al- 
though theoretically it should contam 19 8 per cent BeO and 80 2 per 
cent AI2O3, analyses of nearly all specimens show the presence also of 
iron and magnesium 

The mineral differs from spinel m cr}’’stallizmg in the orthorhombic 
system (bipyramidal class) Its axial ratio is .4707 : i : 5823 The 
principal forms observed on crystals are P(iii), 00 Poo (100), 
00 P 00 (010), P 06 (oir), 00 P2(i2o) and 2P2(i2i) (Fig 99) The crystals 
are often twins (Fig 100), tnlhngs or sixlmgs, with 3Poo(o3i) the 
twinmng plane, forming pseudohexagonal groupings (Fig loi) Sim- 
ple crystals are usually tabular parallel to 00 P 00 (100), which is striated 
vertically Consequently, in twins this face exhibits stnations arranged 
feather-like. The angle no A iIo==5o° 21'. 

The cleavage of dbrysoberyl is distmct parallel to Poo (on), and 
indistinct parallel to 00 P 06 (010) and 00 P 56 (100) Its fracture is 
uneven or conchoidal. Its color is some shade of light green or yellow 
by reflected hght. It is transparent or translucent and in some cases is 
distinctly red by transmitted light. It is strongly pleochroic in orange, 
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green and red tints. The mineral is bnttle, has a hardness of 8 5 and a 
density of about 3 6 Its refractive indices are a=i 7470, ^=i 7484, 

7=17565 

Four distinct varieties are recognized 
Ordinary^ pale green, translucent 
Gem, yellow and transparent 

Alexandrite, emerald-green in color, but red by transmitted light, 
transparent, usually in twins Used as a gem 

Cafs-eye, a greenish variety exhibiting a play of colors ('chatoyancy ) 
Before the blowpipe the mineral is mfusible It yields the A 1 reac- 
tion with Co(N 03)2, but otherwise is only slightly affected by the flame 
It is insoluble in acids 

Chrysoberyl is characterized by its cr}'stallization and great hard- 



Fig 99 Fig ioo Fig ioi 


Fig 99 — Chrysoberyl Crystal with oo p co , loo (a), oo P oo , oro {b), oc Pj", 120 (j), 
2P'2, 121 (h), P, III { 0 ) and P 00 , on (z). 

Fig ioo — Chrysobeiyl Twinned about 3P 00 (031) 

Fig ioi — Chtysoberyl Pseudohexagonal Si'ilmg Twinned about 3P 5 (031) 

ness It most closely resembles the beryllium silicate, beryl, in appear- 
ance, but IS easily distinguished from this by its crystallization. 

Syjithests . — Crystals have been made by fusing BeO and AI2O3 
with boric acid and then distilling off the boric acid 

Occurrence and Origin — Chrysoberyl is found pnncipally in granites 
and crystalline schists and as grains in the sands produced by the erosion 
of these rocks In its onginal position the mineral is a separation 
from the magma that produced the rocks. 

Localiiies , — ^Its best known locahties are in Minas Geraes, Brazil, 
near Ekaterinburg, Ural; in the Mourne Mts., Ireland, at Haddam, 
Conn , at Greenfield, N. Y.; at Orange Summit, N. Hamp.; and at 
Norway and Stoneham, Me. The alexandrite comes from Ceylon, where 
it occurs as pebbles, and from the Urals. 
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Braunite (MnMnOs) occurs massive and in crystals. The latter 
are tetragonal (ditetragonal bipyxamidal class), with a c==i 9922, 
They are usually simple bipyramids P(iii) Because of the nearly 
equal value of a and c all crystals are isometric in habit The angle 
70^7' Twins are common, wuth Poo(ioi) the twinning 
plane Cleavage is perfect parallel to P(iii) 

The mineral is brownish black to steel-gray in color and in streak 
Its luster is submetallic Its hardness is 6~6 5 and density 47 It is 
infusible before the blowpipe With fluxes it gives the usual reactions 
for manganese It is soluble in HCl yielding chlorine 

It occurs in veins with manganese and other ores in Piedmont, Italy, 
and at Pajsberg and various other places m Sweden, where its origin 
IS secondary 

Hausmannite (Mn2Mn04) crystallizes like braunite, but a : 

I : I 1573 and its crystals are, therefore, distinctly tetragonal in habit 
They are usually simply P(iii) or combinations of P(iii) and |P(ii3), 
though much more complicated crystals are known The angle 
= i' Twins and fourlmgs (Fig 102) are common, with 




Fig 102 — ^Hausmannite. (A) Simple Crystal, P, in {p) and oP, 001 (c) (B) 

Fivelmg Twinned about P 00 (loi) 

P 00 (loi) the twinning plane The cleavage is imperfect parallel to 
oP(ooi) The mineral also occurs in granular masses. 

Hausmanmte is browmsh black Its streak is chestnut brown 
Its hardness is 5-5 S density 4 8. Its reactions are the same as 
those of braumte 

Hausmanmte occurs as crystals at Ilmenau, Thuringia, Ilfdd, 
Harz, and as granular masses in dolomite at Nordrnark and several 
other points in Sweden Like braumte it is probably a decomposition 
product of other manganese minerals 


CHAPTER X 


THE NITRATES AND BORVTES 

THE inXEATES 

The nitrates are salts of mtnc acid Only two are of importance 
to us, saltpeter (KNO3) and chile saltpeter (NaNOs) Both are color- 
less, or white, crystallme bodies, both are soluble in water and both pro- 
duce a cooling taste when apphed to the tongue The potassium com- 
pound IS distingmshed from the sodium compound by the flame test 
Both minerals when heated in the closed tube with KHSOi yield red 
vapors of mtrogen peroxide (NO2) 

Soda Niter (NaNOs) 

Soda mter, or chile saltpeter, is usually m incrustations on mineral 
surfaces or in massn e forms It consists of 63 5 per cent N2O5 and 
36 s per cent Na20 

Its crystals are in the ditrigonal scalenohedral class of the hexagonal 
system with an axial ratio of a : : 8297. They are usually rhom- 

bohedrous R(ioTi) in some cases modified by oR(oooi). Apparently 
the mineral is completely isomorphous with calcite (CaCOs) 

Its cleavage is perfect parallel to the rhombohedron. Its hardness 
is under 2, its density about 2.27 and its melting point about 312®. 
Its luster is vitreous, color wtoe, or brown, gray or yellow. The min- 
eral is transparent Its refractive mdices for yellow light are: w = 1.5854, 
€=i 3369 

Soda mter deflagrates when heated on charcoal and colors the flame 
yellow. When exposed to the air it attracts moisture and finally lique- 
fies. It is completely soluble in three times its own weight of water. 

Occurrence and Locahtus — ^The pnnapal occurrences of the mineral 
are in the district of Tarapaca, northern Chile, where, mixed 
with the lodate and other salts of sodium and potassium, under the 
name caliche^ it comprises beds several feet thick on the surface of rain- 
less pampas, and in Bolivia at Arane under the same conditions. It is 
associate with gypsum, salt and other soluble minerals. Smaller 
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deposits are found in Humboldt Co , Nevada, m San Bernardino Co , 
Cal , and m southern New Mexico 

The material is thought to result from the action of microorganisms 
upon organic matter decomposing m the presence of abundant air 
Uses —Soda niter is used in the production of nitric acid, and in the 
manutacture of fertilizers and gunpowder About 480,000 tons are 
imported into the Umted States annually at a cost of $15,430,000 
Most of It comes from Chile 

Since soda niter usually contains sodium lodate as an impurity, the 
mineral is an important source of iodine. 

Niter (KNO3) 

Niter, or saltpeter, resembles soda niter in appearance It gener- 
ally occurs in crusts, in silky tufts and in groups of acicular crystals 
Its crystals are orthorhombic with a 5 5910 * i 7011 Their 

habit is hexagonal The principal forms observed on them are 00 P(i 10), 
00 Poo (100), 00 P 06 (010), oP(ooi), P(iii), and a series of brachy- 
domes In many respects the mineral is apparently isomorphous with 
aragonite which is the orthorhombic dimorph of calcite At 126° it 
passes over into an hexagonal (trigonal) form Its cleavage is perfect 
parallel to P^ (on) Its fracture is uneven, its hardness 2 and den- 
sity 2 I Its medium refractive index for yellow light, i8=i 5056 
Niter deflagrates more violently than soda niter and detonates with 
combustible substances It fuses at about 335® It colors the blowpipe 
flame violet It is soluble in water 

Occurrence aiid Localities — ^The mineral forms abundantly m dry 
soils in Spain, Egypt, Persia, Ceylon and India, where it is produced 
by a ferment, and on the bottoms of caves in the limestones of Madison 
Co , Ky , of Tennessee, of the valley of Virginia and of the Mississippi 
Valley 

Production — Most of the niter used in the arts is manufactured, but 
some is obtained from the deposits in Ceylon and m India The 
amount imported in 1912 aggregated 6,976,000 lb , valued at $226,851 

THE BORATES 

The borates are salts of bone aad, H3BO3, metaboric acid, HBO2, 
tetraboric acid, H2B4O7, hexabonc acid, H4B0O11, and various poly- 
boric acids in which boron is present in still larger proportion The 
metaaad is obtained from the orthoacid by heating at 100®, at which 
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temperature the former loses one molecule of water, thus. H3BO3 — 
H20=HB02, and the tetraacid by heating the ^^ame compound to 160" 
at which temperature 5 molecules of water are lost from 4 molecules ot 
the acid, thus 4H3BO3— 5H20=H2B407 Hexaboric acid may be 
regarded as the orthoacid less i| molecules of w’ater, thus. 6H3BO3 
-7H20=H4Bg0u. 

Only three of the borates are important enough to be discussed 
here These are borax^ a sodium tetraborate (Na2B407 10H2O), cole- 
manite, a hexaborate (Ca2B60ii 5H2O) and boracite^ a noagnesium 
chloro-polyborate (Mg5(MgCl)2Bi6Q3o)- Borax and colemamte are 
commercial substances that are produced in large quantities 

All borates and many other compounds contammg boron when 
pulverized and moistened wdth H2SO4 impart an intense yellow-green 
color to the flame If boron compounds are dissolved in hydrochlonc 
acid, the solution will turn turmenc paper reddish brown after drying 
at 100° The color changes to black when the stain is treated with 
ammonia. 


Borax (]!Ta 2 B 407 roH20) 




Borax occurs as crystals and as a crystalhne cement between sand 
grams around salt lakes, as an incrustation on the surfaces of marshes 
and on the sands in desert regions, and dissolved 
in the water of certain lakes in deserts. It 
occurs also as bedded deposits interlayered w-ith 
sedimentary rocks 

The composition of borax is 16 2 per cent 
Na20, 36 6 per cent B2Q3 and 47 2 per cent H2O. 

Crystals are monochmc (pnsmatic class), with 
a : 6 : c=i 0995 = i • -5^29, and i8=73° 25' 

They are prismatic in habit and in general form 
resemble very closely crystals of pyroxene. 

The principal planes occurring on them are 
00 Poo (100), ooP(iio), oP(ooi), — P(iii) and 
-2P(22i) (Fig. 103). Their cleavage is perfect 
parallel to 00 Poo (100), and thdr fracture conchoidal. The angle 




Fig 103 — Borax Ciystal 
with wP, no (jw), 
00 P 56 , loo (fl), 00 P M , 
010 (6), oP, 001 (f), 
P, In (a) and 2P, 221 
(s) 


no A 110=93®. 

The mineral has a white, grayish or bluidi cdor and a white streak. 
It is brittle, vitreous, resinous or earthy; is translucent or opaque; has 
a T» grrfnpss of 2-2.5, ^ density of 1.69-1.72, and a sweetish alkaline taste. 
On exposure to the air the mineral loses water and tends to become white 



208 


DESCRIPTI^"E MINERALOGY 


and opaque, whatever its color in the fresh condition Its medium 
refractive index for yellow light, 4686 

Before the blowpipe borax puffs up and fuses to a transparent 
globule Fused with fluonte and potassium bisulphate it colors 
the flame green It is soluble m water, yielding a weakly alkahne 
solution 

Occurrence — ^The prmcipal method of occurrence of the mineral is 
as a deposit from salt lakes m and regions, and as incrustations on the 
surfaces of alkahne marshes overl3ang buned borax deposits The 
origmal beds were deposited by the evaporation to dryness of ancient 
salt lakes, and the mcrustations were produced by the solution of these 
deposits by groimd water, and the nse of the solutions to the surface by 
capiUanty. 

Localities , — ^Borax occurs in the water of salt lakes in Tibet, of 
several small lakes m Lake County, and of Borax Lake m San Bernardino 
County m California, and m the mud and marshes around their borders 
It occurs also in the sands of Death Valley in the same State, and m 
various marshes m Esmeralda County, Nevada Other large deposits 
are found in Chile and Peru 

Uses — ^Borax is used as an antiseptic, m medicine, in the arts for 
soldenng brass and welding metals, and in the manufacture of cosmetics 
Bone acid obtained from borax and colemamte is employed in the 
manufacture of colored glazes, m making enamels and glass, as an 
antiseptic and a preservative Some of tiie borates are used as pig- 
ments. 

Production — ^Borax was formerly obtamed in the United States, 
especially in California, Oregon and Nevada, by the evaporation of 
the water of borax lakes, by washing the crystals from the mud on their 
bottoms and by the leaching of the mineral from marsh soil At pres- 
ent, however, nearly all the borax of commerce is manufactured from 
colemamte. 

Colemamte (Ca2B60ii 5H2O) 

Colemanite occurs in crystals and in granular and compact masses 
It is the source of all the borax now manufactured in the Umted States. 

The formula asenbed to the mineral corresponds to 27 2 per cent 
CaO, 5^-9 B2O3 and 21 9 per cent H2O. As usually found, 

however, it contains a httle MgO and SiCfe. A crystal from Death 
Vallqr, Calif omia, yidded: 

2203=5070; CaO=27.3i, MgO= 10, £[20=21.87 Total=99.98. 



XITEATES AXD BORATES 


209 


The mineral ctystallizes in the monoclinic system (prismatic class), 
in short, pnsmatic ciy^stals (Fig 104I, with the axial constants a:b:c 
= 7769 . I : 5416 and ^=69° 43', The cri'stals are usualh nch in 
forms Their cleavage is perfect parallel to oc 05 c (010), and less 
perfect parallel to oP(ooi) Their fracture is uneven The angle 
iioAiTo=72° 4' 

Colemanite is colorless, milky white, yellowish white or gray It 
is transparent or translucent, has a \itreous or adamantine luster, a 
hardness of 4 to 4 5 and a specific 
gravity of 2 4 Its mdex of refrac- / \ 
tion for yellow light, 18= 1.5920 / \ 

Before the blowpipe it decrep- 
itates, exfoliates, and partially jS 

fuses, at the same time coloring / y m t 

the flame yellowish green. It is If w N ® 6 

soluble in hot HCl, but from the \ / 
solution upon cooling a volumi- ^ 

nous mass of boric acid separates ^ 

as a white gelatinous precipitate 104 — Colemanite Crystals with =cp 

It is easilv distinguished from no Wa 3F 1 301 (v), « P » , loo (aj, 


It IS easily distinguished from 31’ « , 301 tv}, « p » , loo (aj, 

other white translucent minerals, 7 ^' »- 

except those contaimng boron, 2P00, 201(A), 2P, 221 (r) and 

by the flame test It is dzstin- P, TiiCv) 
guished from borax by its msolu- 

bility in water and from boracite by its inferior hardness and crystal- 
lization 

Syntheses — Colemanite has been prepared by treating ulexite 
(NaCaBoOg 8H2O) with a saturated solution of NaCl at 70°. 

Occurrence and Origin — ^The mineral occurs as indefimte layers 
mterstratified with shale and limestones that are associated with basalt 
The rocks contam layers and nodules of colemanite Gypsum is often 
associated with the borate and m some places is m excess. The cole- 
manite is believed to be the result of the action of emanations from 
the basalt upon the limestone. 

Localities — Colemanite occurs in Death Valley, California, near 
Daggett, San Bernardino County, and near Lang Station, Los Angeles 
County, and at other points in the same State, and in western Nevada, 
near Death Valley A snow-white, chalky variety {prkeite) has been 
found in Curry County, Oregon, and a compact nodular variety {pander- 
mite) at the &a of Marmora, and at various points in Asia Minor. 

Freparaiton — Colemamte is at the present time the principal source 
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of borax The crude material as mined contains from 5 per cent to 35 
per cent of anhydrous boric acid (B2O3) This is crushed and roasted 
The colemamte breaks into a white powder which is separated from 
pieces of rock and other impurities by screening, and then is bagged and 
shipped to the refineries where it is manufactured into borax and boracic 
aad 

Production— Ths. pnncipal mmes producmg the mmeral in 1912 
were situated m the Death Valley section of Inyo County, near Lang 
Station in Los Angeles County, California, and in Ventura County in 
the same State The total production during the year was 42,315 
tons of crude ore, valued at $1,127,813 The imports of crude ore, 
refined borax and boric acid during the same year were valued at $i 1,200 
The production of the Umted States m boron acid compounds is 
about half that of the entire world, with Chile producing nearly all 
the rest 

Boracite (Mg5(MgCl)2Bi603o) 

Boracite is interesting as a mmeral, the form and internal structure 
of which do not correspond, that is, do not possess the same symmetry 
Its crystals have the w’ell marked hextetrahedral symmetry of the iso- 
metric system, but their internal structure, as revealed by their optical 
properties is orthorhombic This is due to the fact that the substance 
IS dimorphous Above 265° it is isometric and below that temperature 
orthorhombic Crystals formed at temperatures above 265® assume 
the isometric shapes. As the temperature falls the substance changes 
to its orthorhombic form, and there results a pseudomorph of ortho- 
rhombic boracite after its isometric dimorph 

It is a salt of the acid which may be regarded as related to boric 
acid as follows. 8H3BO3— 9H20=H6B80i6. Ten atoms of hydrogen 
in two molecules of the acid are replaced by Mgs and the other two by 
2(MgCl). The resultmg combination is 31 4 per cent MgO, 7 9 per 
cent Cl and 625 per cent B2C)3=ioi 8 ( 0 =Cl=i 9) The mineral 
alters slowly, taking up water, so that some specimens yield water on 
analysis and in the dosed tube {stassfurh e and parasite). 

The forms usually found on the crystals are ooO(iio), 

ooOoo(ioo),--^(iTi) (Fig. 105). Usually the positive and negative 

tetrahedrons may be distinguished by their luster, the faces of the posi- 
tive form being brilliant and those of the negative form dull. The 
crystals are isolated, or embedded, and rarely in groups They are 
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strongly pyroelectric with the analogue pole in the negative tetrahedrons. 
The mineral is also found massive 

Boracite is transparent or translucent and is gra\ , yellow, or green 
Its streak is white Its luster is \ntreous Its cleavage is mdistmct 
parallel to O(iii) and its fracture is conchoidal 
The mineral is brittle Its hardness is 7 and 
Its density 3 Its refractive index for yellow 
light, == I 667 

Boracite fuses easily before the blo\\pipe 
with intumescence to a white pearly mass, at 
the same time colonng the flame green With 
copper oxides it colors the flame azure-blue 
When moistened with Co(N03)2 it gives the 
pink reaction for magnesium Some massive 
forms 3deld water in the closed tube, in conse- 
quence of weathering The mineral is soluble 
in HCl 

Boracite is distmgmshed from other boron salts by its ciystallization, 
its lack of cleavage and its much greater hardness The massive vari- 
eties which resemble fine-gramed white marble can be distmgmshed 
from this by the flame coloration, hardness and reaction with HCl 

Syntheses , — Crystals have been formed by heating borax, MgCfe 
and a little water at 275°, and by fusing borax with a mixture of NaCl 
and MgCk 

Occurrence , — Boracite occurs m beds with anhydrite, gypsum and 
saltj and as crystals m metamorphosed limestones 

Localises — ^It is found as crystals in gypsum and anhydnte at 
Luneburg, Hanover, and Segeberg, Holstein, m camallite at Stassfurt, 
Prussia, and in radiating nodules (stassfurtite) and in massive layers 
associated with salt beds at the last-named locahty It is rare in the 
Umted States 

Uses and Production — Boracite is utilized in Europe as a source of 
boron compounds. Turkey produces annually about 12,000 tons. 



Fig 105 — Boracite 
Crystal with =cO=c, 
loo/tfj, ^ Of no Id), 
O O 

-j-j. III (0) and — 
ill (oi) 




CHAPTER XI 


THE CARBOXATES 

The carbonates constitute an important, though not a very large, 
group of minerals, though one of them, calcite, is among the most com- 
mon of all mmerals They are all salts of carbomc acid (H2CO3) Those 
m which all the hydrogen has been replaced by metal are normal salts, 
those m which the replacement has been by a metal and a hydroxyl 
group are basic salts Both groups are represented by common minerals 

The normal salts include both anhydrous salts and salts combined 
with water of crystallization Illustrations of the three classes of car- 
bonates are* CaCOs, calcite^ normal salt, Na2C03 10H2O, soda^ 
hydrous salt and (Cu 0H)2C03, malachite, basic salt All carbonates 
effervesce in hot acids The basic salts yield water at a high tempera- 
ture only, the hydrous ones at a low temperature 

The carbonates are all transparent or translucent, and all are poor 
conductors of electricity, Most of them are practically nonconductors 

AITHYDROUS CARBONATES 
NORMAL CARBONATES 

The anhydrous normal carbonates compnse the most important 
carbonates that occur as minerals Most of them are included in a 
single large group whose members are dimorphous, crystallizing in the 
ditrigonal scalenohedral class of the hexagonal system and in the holo- 
hedral division (rhombic bip3n:amidal class) of the orthorhombic sys- 
tem. The calaum carbonate exists m three forms but only two are 
known to occur as minerals 

CALCITE-ARAGONITE GROUP 

The relation of the dimorphs of this group to one another has been 
subjected to much study, especially with reference to the two forms of 
CaCQs- The orthorhombic form, aragomte, passes mto the hexagonal 
form, cakUe, upon heating to about 400°. At all temperatures below 
970®, calcite is the stable form Moreover, while calate crystallizes 
from a dilute Solution otCaCQs iu water contaimng CO2 at a low tem- 

212 



CARBONATES 


213 


perature, aragonite separates at a temperature approachmg that of 
boiling water— the more freely, the less CO2 m the solution Arag- 
omte crystals will also separate from a solution of calcium carbonate, 
if, at the same time, it contams a gram of an orthorhombic carbonate, 
or a small quantity of a soluble sulphate Some of the other carbon- 
ates, for instance, strontiamte (the orthorhombic SrCOs), pass over 
into an hexagonal form like that of calcite at 700®, but agam change 
to the orthorhombic form upon coohng For convenience the group 
is di\aded for discussion into the calcite di\ision and the aragomte 
division 

CALCITE DIVISIOII 

The calcite di\nsion of carbonates includes nine or more distinct 
compounds and a number of well defined \arieties of these Six of the 
compounds are common minerals All ciystallize in the ditrigonal 
scalenohedral class of the hexagonal system and are thus isomorphous 
Their most common crystals have a rhombohedral habit. The names of 
the six common members with their axial ratios are: 


Colette 

CaCOs 

a c-x: 8543 

Magnesite 

MgCOs 

=i : 8095 

Siderite 

FeCOs 

=i : 8191 

Rhodochrosite 

MnCOs 

=i : .8259 

Smtt\sonite 

ZnCOs 

=i : 8062 


There is usually also included in the group the mineral dolomite^ which 
IS a calcium magnesium carbonate in which CaCOs and MgCOs are 
present in the molecular proportions, thus MgCOs CaCOa, or 
MgCa(C03)2 Its crystals are similar to those of calcite and its physical 
properties are intermediate betTveen those of calcite and magnesite 
Its symmetry, however, as revealed by etchmg is tetartohedral (rhom- 
bohedral class). 

The close relationship existmg between the members of the group 
(including dolomite) will be appreciated upon comparing the data m 
the following table 

Kef Indices 



H 

Sp Gr. 

a : c 

loiiAoiii « 

€ 

Calcite 

• 3 

2 73 

8543 

74“ 55' 

I 6585 

I 4863 

Dolomite . 

■ 3 5-4 

2 8$ 

8322 

73“ 45' 

I 6817 

I 5026 

Magnesite 

3 - 5-4 5 

3 04 

8095 

72“ 36' 

I 717 

I 515 

Sidente 

3 5-4 

3 88 

8191 

73“ 0' 

I 8724 

I 6338 

Rhodochrosite 

35-45 

3 55 

8259 

73 0 

I 820 

I 5973 

Smithsonite 

5 

4 45 

8062 

72° 20' 

I 8i8± 

I 6177 
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Calate (CaCOs) 

Calcite is one of the most beautifully crj-stallized minerals known 
Its crystals are very common, and sometimes very large They are 
usually colorless, though sometimes colored, and are nearly always 
transparent Besides occurring m crystals the mineral is often found 
massive, in granular aggregates, in stalactites, m pulverulent masses. 



Flo ia6 





FIg 109 


Fig. 106. — Calcite Ciystal with —JR, 0112 (e) and 00 R, 1010 (w) Nail-head Spar 
Fig. 107 —Calate Crystal with m and e Prismatic Type 
Fig ioS — Calcite Ciystals with R», 2131 (p) and R, loii (r) Dog-tooth Spar 
Fig 109 — Calcite with r, 0, 4R, 4041 (if) and R®, 3251 (y) 


in radial groupings, m fibrous masses and in a vanety of other forms As 
calate is soluble m water containing CO2, it has often been found pseu- 
dcsnorphing other mmerals. 

Theoretically, calcite contains 56 per cent CaO and 44 per cent CO2, 
but practically the mineral contains also small quantities of Mg, Fe, 
Mn, Zn and Pb, metals whose carbonates are isomorphous with 
CaCOa 

The forms that have been observed on calcite crystals are arranged 
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in such a manner as to produce three distinct types of habit, as fol- 
lows (i) the rhombohedral t3rpe, bounded by the flat rhombohedrons, 
R(ioTi), — JR(oiT 2) and often blunt scale- 
nohedrons, like R^(2i3i) and |R2(3i45) 
in which the rhombohedrons predominate 
(Fig io6), (2) the pnsmatic type, wnth 
the pnsm ooP(io 7 o) predominating, and 
--^R(oiT 2) as the pnncipal termmatiop 
(Fig 107), and (3) dog-tooth spar, contain- 
ing the same scalenohedrons as on the first 
t^pe mentioned above with other steeper 
ones and small steep rhombohedral planes 
(Fig 108, 109, no) Nail-head spar con- 
tains the flat rhombohedron — |R(oil2) 
with the pnsm 00 P(ioTo) (Fig 106). 

Some of the crystals are very compli- 
cated, belongmg to no one of the distinct 
types descnbed above, but forming barrel-shaped or almost round 
bodies Over 300 well established forms have been identified on them. 

Twms are common The pnncipal laws are: (i) twinmng plane 
oP(oooi), with the vertical axis common to the twinned parts (Fig 
III); (2) twinning plane — §R(oil2), with the two vertical axes inchned 


f " 

■■■■ ■ 'T 

# , 1 

-V ■ % 

L *■ ^ 




- i 


Fig 1 10 — Pnsmatic Crystals 
of Calcite Terminated by 
Scalenohedrons and Rhom 
bohedrons from Cumber- 
land, England 



Fig III. 



Fig III — Calate, R* {2131) Twinned about oP (0001) 

Fig 112 —Calcite Twin and Pdysyntlietic Trilhng of R (loIi) about - JR (oiT2)- 


at an angle of about 52§“ (Fig. 112) and (3) twinning i^ne R(ioTi), 
with the vatical axes inclined 89° 14' (Fig. 113). 

Twins of the second class can easily be produced artificially on cleav- 
age rhombs by pressing a dull knife edge on the obtuse rhombohedral 
edge with suffiaent force to move a portion of the mass (Fig. 114). 
The change of poation of a portion of the calate does not destroy its 
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transparencj- m the least Repeated Unniung of this kind is frequently 
seen m marble (Fig 115), uhere it gives nse to parallel lamellae 

The cleavage of calate is so perfect parallel to R that crystals when 



Fig 1 13 — Calcite with »z, v and e, Twinned about JR (loTi) 

Fig 1 14 — ^Artificial Twin of Caldte, with — |R (01T2) the Twinning Plane, 




5 AV 








shattered by a hammer blow usually break mto perfect little rhombo- 
hedrons Its hardness is about 3 and its density 2 713 Pure calcite 
is colorless and transparent, but most specimens are white or some pale 

shade of red, green, gray, 
blue, yellow, or even brown 
or black when very impure, 
and are translucent or opaque 
The mineral is very strongly 
doubly refractmg, (see p 213) 
It is a very poor conductor of 
electricity. 

The pnnapal varieties of 
the mmeral to which distinct 
names have been given are: 

Iceland spar, the trans- 
parent vanety used in the 
manufacture of optical instru- 
ments 

Sattn spar, a fine, fibrous 
variety with a satiny luster 
Limestone, granular ag- 
gr^ates occurring as rock 


Fig ns —-Thin Sectwn of Marble Viewed by 
PoUnzed Light. The dark bars are poly- 
synthetic twinning lamellae Magnified 5 
diameters. 


MarUe, a crystalline limestone, showing when broken the cleavage 
faces of the individual crystals. 

Litkograpkic stone a very fine and even-grained limestone 
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Stalactites, Q’linders or cones of calcite that hang from the roots of 
caves They are formed by the evaporation of dnpping T\ater 

Stalagmites, corresponding cones on the floors of caves beneath the 
stalactites 

Mexican onyx, banded cr\’stalline calcite, often transparent. 
Usually portions of stalactites 

Travertine, a deposit of white or 3'ellow porous calcite produced 
in springs or nvers, often around orgamc matenal like the blades 
or roots of grass. 

Chalk, a fine-gramed, pulverulent mass of calcite occurring in 
large beds 

In the closed tube calcite often decrepitates Before the blou’pipe it 
IS infusible It colors the flame reddish yellow and after heating reacts 
alkalme toward moistened litmus paper The mineral dissolves with 
evolution of CO2 m cold hydrochloric acid Its dissociation tempera- 
ture ^ is 898°, though It begins to lose CO2 at a much lower temperature 

The reaction vdth. HCl, together with the alkahnity of the mineral 
after heatmg, its softness and its easy cleavage, distmguish calcite from 
all other nunerals In massive forms it has been thought that it could 
be distmguished from aragomte by heatmg its powder with a little 
Co(N 03)2 solution Aragomte was thought to become \iolet-colored 
m a few minutes while calate remamed unchanged, but recent work 
proves that this test cannot be rehed upon 

Syntheses — Calcite crj’stals are obtained b} allow'ing a solution 
of CaCOs in dilute carbonic acid to evaporate slowly m contact with the 
air at ordinary temperatures If evaporated at from 80° to 100® 
ordinary temperatures, or m the presence of a httle sulphate, the ortho- 
rhombic aragonite will form, Calcite is also formed by heatmg arag- 
onite to 400-470° 

Occurrence and Origin , — ^The mineral is widely distributed in beds, 
in veins and as loose deposits on the bottoms of spnngs, lakes and nvers. 
Its principal methods of origin are precipitation from solutions, the 
weathering of calcareous minerals, and secretion by organisms. 

Calcite is the most important of ail pseudomorphing agencies. It 
forms pseudomoiphs after many different minerals and the hard |>arts 
of animals 

Localities , — ^The most noted localities of .crystallized calcite are: 
Andreasberg in the Harz; Freiberg, Schneeberg and other places in 
Saxony; Kapnik, m Hungary, Traversella, in Piedmont, Alston Moor 

^ The dissociati<m temperature of a carbonate is that temperature at which the 
pressure of the released COi equals one atmosphere 
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and Egremont, in Cumberland, Matlock, m Derbyshire, and the mines 
of Cornwall, England, Guanajuato, Mexico, Lockport, N Y , Ke- 
weenaw Point, Mich , the zinc regions of Illinois, Wisconsin and 
Missouri, Nova Scotia, etc 

Iceland spar is obtained m the Eskefjord and the Breitifjord in 
Iceland Travertine is deposited from the waters of the Mammoth 
Hot Spnngs, Yellowstone National Park It occurs also along the 
River Arno, near Tivoli, Rome 

Uses , — Calcite has many important uses In the form of Iceland 
spar, on account of its strong double refraction, it is employed in optical 
instruments for the production of polarized light Calcite rocks are 
used as building and ornamental stones They are employed also as 
fluxes m smelting operations, as one of the ingredients in glass-making 
and in the manufacture of hme, cement, whiting, and m certain printing 
operations. Limestone is also used as a fertihzer 

Produciion — ^The calcite rock marketed m the Umted States dunng 
1912 was valued at about $44,500,000 It was used as follows In 
concrete, $5,634,000, in road and railroad making, $12,000,000, as a 
flux, $10,000,000, as buildmg and monumental stone, $12,800000, 
m sugar factories, $335,000, as riprap, $1,183,000, for paving, $279,000, 
and for other uses, $2,400,000 Moreover, the value of the Portland 
cement manufactured during the year amounted to $67,017,000, the 
quantity of hme made to $13,970,000, the value of the hydrated 
lime to $1,830,000, and of sand-lime bnck to $1,170,884 The quantity 
of limestone required for these manufactures is not known, but it was 
very great. 

Magnesite (MgCOs) 

Magnesite usually occurs in fine-grained white masses Crystals 
are rare Pure magnesite consists of 52 4 per cent CO2 and 47 6 per 
cent MgO. It usually, however, contains some iron carbonate 

Magnesite is completely isomorphous with calcite Its cleavage is 
perfect paraUei to R(ioTi). Its hardness is about 4 and the density 3 i. 

The mineral is transparent or opaque. It varies in color from white 
to brown, but always has a white streak Its dissociation temperature 
is 44 S°- 

Magneate bdiaves like calcite before the blowpipe It effervesces 
in hot hydrochloric add and readily yields the reaction for magnesia 
with Co(N 03)2 It IS most easily distinguished from the latter mmeral 
by its dendty, by the fact that it does not color the blowpipe ffame with 
the ydlowish red tmt of caldum and does not effervesce m cold HCl. 
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Synthesis — Magnesite cn'stals may be obtained by heating MgSO 
in a solution of XajCOs at in a dosed tube 

Occurrence and Origin — Magnesite usually occurs in \ eins and masses 
associated with serpentine and other magnesium rocks irom which it 
has been formed by decomposition It is often accompamed by brucite 
talc, dolomite and other magnesium compounds It has recently been 
described as occurring also in a distmct bed near [Mohave, Cal., inter- 
stratified with cla> s and shales It is thought that in this case it maj 
have been precipitated fronx solutions of magnesium salts by Xa^COs 

Localities — ^The mineral is found abundantly m man\" foreign local- 
ities and at Bolton, Mass , Bare Hills, near Baltimore, [Md , and in 
Tulare Co., Cal , and near Texas, Penn The largest deposits are m 
Greece and Hungaiy” 

Uses . — ^Magnesite is employed very* largely in the manufacture of 
magnesite bricks used for limng converters m steel works, in the Iming 
of kilns, etc , m the manufacture of paper from wood pulp, and in mak- 
ing artificial marble, tile, etc From it are also manufactured epsom 
salts, magnesia (the medicmal preparation) and other magnesium com- 
pounds, and the carbon dioxide used in making soda water 

Production — ^All of the magnesite mined in the Umted States comes 
from California, where the yield was 10,512 tons in 1912, valued at 
$105,120. Most of the magnesite used in the Umted States is imported 
from Hungary and Greece In 1912, 14,707 tons of crude material 
entered the country and 125,000 tons of the calcmed product, the total 
value of which T\as $1,370,000 

Siderite (FeCOs) 

Siderite is an important iron ore, though not as much used as formerly 
It is found crystallized and massive, in botiy’oidal and globular forms 
and m earthy masses 

In composition the mineral is FeCOa, which is equivalent to 62 i 
per cent FeO (48 2 per cent Fe) and 37 9 per cent CO2- Manganese, 
calcite and magnesium are also often present in it. 

Crystals are more common than those of magnesite. They fre- 
quently contain the basal plane and the steep rhombohedrons— 8R(o8Si) 
and — sR(o55i). R(ioTi) and — |R(oiT2) are common The faces 
of the rhombohedron are frequently curved. Compare (Fig 125.) 

The cleavage of siderite is like that of the other minerals of this 
group. Its hardness is 3 5-4 and density 3 85. In color the mineral 
is sometimes white, but more frequently it is some shade of yellow or 
brown Its streak is white Most specimens are translucent. 
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In the closed tube siderite decrepitates, blackens and becomes mag- 
netic It IS only slowly affected by cold acids but it effervesces briskly 
in hot ones 

Sidente is distinguished from the other carbonates by its reaction 
for iron 

The mineral changes on exposure into limomte and sometimes into 
hematite or even mto magnetite 

Synthesis — Ciy'stals of sidente may be obtained by heating a solu- 
tion of FeS04 with an excess of CaCOs at 200° 

Occurrence and Origin — ^The nuneral is often found accompanying 
metallic ores m veins It occurs also as nodules m certain clays and in 
the coal measures. In some cases it appears to be a direct deposit from 
solutions In others it is a result of metasomatism and m others is an 
ordinary weathenng product 

Localities — ^The crystallized variety is found at Freiberg, in Saxony, 
at Harzgerode, m the Harz, at Alston Moor, and in Cornwall, Eng- 
land, and along the Alps, in Styna and Cannthia Cleavage masses 
are present in the cryolite from Greenland 

Workable beds of the ore are present in Columbia Co , and at Rossie, 
in St, Lawrence Co , N Y , in the coal regions of Pennsylvania and 
Ohio, and m clay beds along the Patapsco River, in Maryland The 
massive or nodular ore from clay banks is known as ironstoi e The 
impure bedded sidente mterstratified with the coal shales is known 
as black-hand ore 

Production , — Only 10,346 tons of sidente were produced in the United 
States during 1912, all of it coming from the bedded deposits in Ohio 
This was valued at $20,000 

Rhodochrosite (MnCOs) 

This nuneral sometimes occurs in distinct crystals of a rose-red 
color, but it is usually found in deavable masses, in a compact form, 
or as a granidar aggregate Sometimes it is m incrustations It is 
not of commercial importance m North America 

Pure manganese carbonate containing 61 7 per cent MnO and 38 3 
per cent CQ2 is rare The nuneral is usually impure through the addi- 
tion of the carbonates of iron, calcium, magnesium or zinc 

The most prominent forms on cryrstals of rhodochrosite are R(ioYi), 
— §R(oii2), ooP2(ii2o), oR(oooi) and various scalenohedrons 

Its cleavage is perfect parallel to R The mineral is brittle Its 
hardness is about 4 and its density about 3.55 Its luster is vitreous, 
and its color red, brown, or yellowish gray. Its streak is white When 
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heated it begins to lose CO2 at about 320” : but its dissociation temper- 
ature IS 632^ 

The mineral is infusible, but tv hen heated before the blowpipe it 
decrepitates and changes color WTien treated in the borax bead it 
gives the violet color of manganese, and when fused with soda on char- 
coal It \ields a bluish green manganate It dissoh es in hot hydro- 
chlonc acid 

There are but few minerals resembhng pure rhodochrosite m appiear- 
ance From all of these, except the silicate, rhodonite ip 3S0I, it is 
distmguished by its reaction for manganese It is distinguished from 
rhodonite by its hardness, its cleavage and its efferv-escence with acids 
The impure varieties are ver\' like some forms of siderite, from which, 
of course, the manganese test will distinguish it. 

Synthesis — Small rhombohedrons of rhodochrosite have been pro- 
duced by heating a solution of MnS04 with an excess of CaCOa at 200® 
m a closed tube 

Occurrence and Origin — Rhodochrosite occurs in veins associated 
with ores of silver, lead, copper and other manganese ores and in bedded 
deposits It is the result of hydrothermal or contact metamorphism, 
and of weathering of other manganese-bearing minerals 

Localities , — The mineral is found at Schemnitz, m Hungary, at 
Nagyag, in Transylvania, at Glendree, County Clare, Ireland, w^here it 
forms a bed beneath a bog, at Washmgton, Conn , in a pulverulent 
form, at Franklin, N J , at the John Reed Mine, Aliconte, Lake Co , 
and at Rico, Colo , at Butte City, Mont , at Austin. Nev,, and on 
Placentia Bay, New’foundland The Colorado and Montana specimens 
are well crystallized 

Uses — ^The mineral is mined wnth other ores of manganese. Occa- 
sionally it is employed as a gem stone. 

Smithsonite fZnCOs) 

Smithsonite, or ** dry-bone ore,” is rarely w'ell crystallized. It 
appears as druses, botryoidal and stalactitic masses, as granular aggre- 
gates and as a fnable earth. 

In ZnCOs there are 64 8 per cent ZnO and 35 2 per cent CO2 Smith- 
somte usually contains iron and manganese carbonates, often small 
quantities of calcium and magnesium carbonates and sometimes traces 
of cadmium A specimen from Manon, Arkansas, gave: 

ZnO CdO FeO CaO CuO CCfe CdS SiQ2 Total 

64 12 .63 -14 .38 tr. 34-68 25 06 100 26 
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The mineral Is closely isomorphous with calcite, R(ioTi), — iR(oi 12), 
4R(404i), ooR2(ii2o), oR(oooi) and R3(2i3i) being present on many 
crystals The R faces are rough or curv-ed 

Its cleavage is parallel to R(ioTi). Its hardness is 5 and its density 
about 4 4. The luster of the mineral is vitreous, its streak is white and 
Its color white, gray, green or brown It is usually translucent, occa- 
sionally transparent When heated to 300° for one hour it loses all of 
Its CO2 

When heated m the closed tube CO2 is driven off, leaving ZnO as a 
yellow residue while hot, changmg to white on coolmg The mineral 
is infusible before the blowpipe If a small fragment be moistened with 
cobalt mtrate solution and heated m the oxidizing flame it becomes 
green on coolmg When heated on charcoal a dense white vapor is 
produced. This forms a yellow coatmg on the coal, which, when it 
cools, turns white If this be moistened with cobalt mtrate and reheated 
m the oxidizing flame it is colored green. 

The above reactions for zinc, together with the effervescence of the 
mineral in hot hydrochloric acid distingmsh smithsomte from all other 
compounds. 

Smithsomte forms pseudomorphs after sphalerite and calcite and is 
pseudomorphed by quartz, limomte, calamme and goethite 

Synthesis — Microscopic crystals of smithsomte may be produced by 
precipitating a zinc sulphate solution with potassium bicarbonate and 
allowmg the mixture to stand for some time. 

Occurrence , — Smithsomte occurs in beds and vems in limestones, 
where it is associated with galena and sphalerite and usually with cala- 
mine (p 396) It is espeaally common in the upper, oxidized zone of 
vems of zmc ores and as a residual deposit covering the surface of weath- 
ered limestone contammg zinc minerals 

Localities — ^The mineral is found at Nerchinsk, Siberia, Bleiberg, 
in Carmthia; Altenberg, Aachen, Provmce of Santander, Spain, at 
Alston Moor and other places m England, at Donegal, in Ireland, at 
Lancaster, Penn , at Dubuque, Iowa, in Lawrence and Marion Coun- 
ties, Arkansas; and m the lead districts of Wisconsm and Missouri (see 
galena and sphalerite). 

The Wisconsm and Missouri localities are the most important ones 
in North America. Here the ore occurs m botryoidal, m stalactitic 
and m earthy, compact, cavernous masses of a dull yellow color incrusted 
with druses of smithsonite crystals, of calamine and of other minerals, 
prmcipally of lead This is the variety known as “ dry bone 

Uses — The mineral was formerly an important ore of zinc, bemg 
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mined alone for smelting It is now nuned only in connection with 
calamine and other zinc ores, and ail are worked up together. A trans- 
lucent green or greemsh blue variety occurrmg at Laurium, Greece, 
and at Kelly, New Mexico, is sometimes employed for ornamental pur- 
poses. About $650 wrorth of the material from New Mexico was uti^ed 
as gem material m 1912 

ARACOXITE DIVISION 

This di\’ision of the carbonates includes the orthorhombic (rhombic 
bip>TamidalJ dimorphs of the members of the calcite group which, 
together, form a w^ell characterized isodimorphous group. The carbon- 
ate of calcium is found w^ell ciy’stallized in both diMSions, but the other 
carbonates are common to one only They actually occur m both dm- 
sions, but they are found as .common members of one and only as 
isomorphous mixtures with other more common forms in the other 
Thus, banum carbonate is a common orthorhombic mineral under the 
name of uttkeriie It occurs also with CaCCfe m mixed cr>"stals imder 
the name baricalciie, or neotype^ which is hexagonal. (See also p. 212 
and p 213 ) 

The common members of the aragonite diMsion are: 

Aragonite CaCQs Sp Gr. = 2 936 aihi 6228 : i : 7204 
Strontianite SrCOs =3 706 = 6090 : i : 7266 

Witherite BaCOa =4 325 = 5949 • i • 74^3 

Cerussiie PbCOs *6 574 = 6102 : i : 7232 

Aragonite (CaCOs) 

Aragonite occurs m a great variety of forms. Sometimes it is in 
distin ct crystals, but more frequently it is in oolitic globular and reni- 
form masses, m divergent bundles of fibers or of needle-like forms, in 
stalactites and in crusts. 

In composition aragonite is like calcite. It often contains small 
quantities of the carbonates of strontium, lead or zinc. 

Crystals^^are often acicular with steep domes predominating. Some 
of the simplest crystals consist of ooP(iio), 00 Poo (010), |P 00(032), 
Poo (on), 4P(44 i)» 9^(991) and ooP2(i2o) (Fig, 116). Twinning is 
common. The twnnmng plane is often ooP(iio). By repetition this 
gives nse to pseudohexagonal forms, resembling an hexagonal prism and 
the basal plane (see Figs 117 and 118), The angle no A 1 10=63® 4^^ 

The cleavage of aragonite is distinct parallel to 00 P 06 (010) and 
indistinct parallel to 00 P(iio). Its hardness is 3.5-4 and density about 
2 93 Its luster is vitreous and its color white, often tiiigcd with gray. 



224 


DESCRIPTIVE MINERALOGY 


green or some other light shade Its streak is white and the mineral is 
transparent or translucent Its indices of refraction for yellow light are 
a=j 5300, 7=1 6857 At 400° It passes over into calcite 

Before the blowpipe aragomte whitens and falls to pieces Other- 
wise Its reactions are like those of calcite, from which it can be distm- 



Fig ii6 Fig 117 

Fig 116 — Aragonite Crystal with 00 P, no (w), 00 P 00 , 010 ( 5 ) and P m , on (^’)* 
Fig 117 — ^Aragonite Twin and Tnlling Twinned about 00 P (no) 



Fig 118— -Tnllmg of Aragomte Twinned about ooP (no) (/I) Crosa-acction 
(B) Resulting pseudohexagonal group, resembling an hexagonal prism and 
basal plane 

gmshed by its crystallization, its lack of rhombohedral cleavage and its 
density 

Synthesis — Solutions of CaCOg m dilute H2CO3 form crystals of 
aragomte when evaporated at a temperature of about 90® In general, 
hot solutions of the carbonate deposit aragomte, while cold solutions 
deposit calcite If the solution contains some sulphate or traces of 
strontium or lead carbonates, mixed crystals consisting principally of 
the aragomte molecule are formed at ordinary temperature. 

Occurrence and Origin — ^Aragomte occurs in beds, usually with 
gypsum. It IS also deposited from hot waters and from coid waters 
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containing a sulphate (as from sea water) The pearly layer of oyster 
shells and the body of the shells of some other mollusca are composed 
of calcium carbonate crystallizing like aragomte Aragomte is often 
changed by paramorphism into calcite, pseudomorphs of which after 
the former mineral are quite common 

LocahUes — ^The mineral is found at Aragon, Spam, at Bilm, in 
Bohemia, in Sicily, at Alston Moor, England, and at a number of 
other places m Europe It occurs in groupings of interlacing slender 
columns {flos ferrt)jm the iron mines of Styria Stalactites are abundant 
at LeadhiUs, Lanarkshire, Scotland, and a silky fibrous variety known as 
satinspar, at Dayton, England 

In the United States crystallized aragomte occurs at Mine-la-Motte, 
Mo , and in the lands of the Creek Nation, Oklahoma Flos fern has 
been reported from the Organ Mts , New Mexico, and fibrous masses 
from Hoboken, N J , Lockport, Edenville and other towns m New York 
and from Warsaw, 111 


Strontianite (SrCOs) 

In general appearance and m its manner of occurrence strontiamte 
resembles aragonite Its crystals are often acicular in habit though 
repeated twins are common The angle no A 1^0=62° 41' 

The composition of pure strontiamte is SrO=7o i, 062=29 9, but 
the mineral usually contains an admixture of the barium and calcium 
carbonates 

Strontiamte is brittle, its hardness is 3 5-4 and its density 3 7 

Before the blowpipe strontiamte swells and colors the flame with a 
crimson tinge It dissolves m hydrochloric acid The solution im- 
parts a crimson color to the blowpipe flame When treated with sul- 
phuric acid It yields a precipitate of SrS04 Its refractive indices for 
yellow light are «= i 5199, 7 = i 668 Its dissociation temperature is 

Aragonite, witherite (BaCOs) and strontiamte are so similar m ap- 
pearance and m general properties that they can be distmgmshed from 
one another best by their chemical characteristics They are all sol- 
uble in hydrochloric acid and these solutions impart distmctive colors 
to the blowpipe flame (see p 477) 

Syntheses — Crystals of strontiamte are obtained by precipitating 
a hot solution of a strontium salt by ammomum carbonate, and by cool- 
ing a solution of SrCOs m a molten mixture of NaCl and KCl 

Occurrence , — Strontiamte occurs m veins in limestone and as an 
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alteration product of the sulphate (celestite) where this is exposed to the 
weather It is probably in all cases a deposit from water 

LoccHihes — Strontiamte is the most common of all strontian com- 
pounds It frequently occurs as the filling of metallic veins It forms 
finely developed crystals at the Wilhelmine Mine near Munstei, West- 
phalia At Schoharie, N Y , it occurs as crystals and as gianular masses 
in nests in limestone It is found also at other places in New York, in 
Mifflin Co , Penn , and on Mt Bannell near Austin, Texas. 

Uses — Strontium compounds are little used m the arts The 
hydroxide is employed to some extent in refining beet sugar and the 
nitrate m the manufacture of red fire” Othei compounds aie used 
in medicine All the strontium salts used in the United States are 
imported 

Witherite (BaCOs) 

Witherite differs very little m appearance or in manner of occurrence 
from aragonite Its crystals are nearly always m repeated twins that 

have the habit of hexagonal pyramids (Fig. 
119) The angle iioAi’i’o«62® 46'. 

When pure the mineral contains 77 7 pei 
cent BaO and 22 3 per cent CO2 

It IS much heavier than the calcium car- 
bonate, its density being 43 Its hardness 
Fig 1 19 —Wiihcriic Twinned is 3 to 4 Its refractive index foi yellow 

about OOP (HO), thus Imi- ^=1740 Its dibsocuition (cniiuTa- 

tating Hexagonal Combma- o 

lions 

It dissolves readily in dilute hydrwhloric 
add with effervescence, and from this solution, even when dilule, sul- 
phuric acid precipitates a heavy while precipitate of BaSOi, which, 
when heated in the blowpipe flame, imparts to it a yellowish green 
color 

Witherite is distinguished from the other carbonates by its crys- 
tallization, and the color it imparts to the blow]jipe flame. 

Syntheses — Crystals are produced by precipitating a hot solution of 
a barium salt with ammomum carbonate, and by cooling a molten 
magma composed of NaCl and BaCO? 

Locahkes — ^Withente is not a very common mineral in the United 
States, but it occurs in large quantity assoaated with lead minerals in 
veins at Alston Moor, in Cumberland and near Hexham, in Northum- 
berland, England Some of the crystals found in these places measure 
as much as six inches in length 
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Its best known locality in the United States is Lexington, Kentucky, 
where the mineral is associated with the sulphate, barite 

Uses — It IS used to some extent as a source of barium compounds 
The importations of the mineral during 1912 aggregate $25,715 

Cerussite (PbCOa) 

Cerussite generally occurs in crystals and in granular, earthy and 
fibrous masses of a white coloi 

The pure lead carbonate contains C02=i6 5 and PbO=83 5j but 
the mineral usually contains in addition some ZnCOa 



Fig 120 — Cerussite Crystal with 00 P no (w), 00 P 00 , 100 (a), 00 P 00 , 010 (6) , 
P, III {p)t 00 P3, 130 (r), 2P00, 021 (i), Pw, on {k)j §Poo, 012 {x) and 
oP, 001 (c) 

Fig 1 21 — Cerussite Tnlhng Twinned about ©o P(iio) 

Fig 122 — Cerussite Trilling Twinned about ©o P 3(130) 


Its Simple crystals are tabular combinations of 00 P(i 10) , 00 P 08 (010) 
00 Poo (100) and various brachydomes (Fig 120), and these are often 
twinned m such a way as to produce six rayed stars (Fig 121), or other 
symmetrical forms (Fig 122) Groups of interpenetrating crystals 
are also common The angle no Ai7o=62° 46'. 

The color of the mineral is usually white, but its surface is frequently 
discolored by dark decomposition products Its luster is adamantme 
or vitreous and its hardness is 3-3 5 Its density =6.5 Its refractive 
indices for yellow light are a == i 8037, = 2 0763, 7=2 0780 

The mineral is dissolved by mtnc acid with effervescence and by 
potassium hydroxide Before the blowpipe it decrepitates, turns yellow 
and changes to lead oxide On charcoal it is reduced to a metallic 
globule, and yields a white and yellow coatmg 
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Cerussite is not easily confused with other minerals It is well char- 
acterized by Its high specific gravity, its reaction for lead, and is dis- 
tinguished from the sulphate {anglesite) by effervescence with hot acids 
Syntheses — Crystals have been obtained by heating lead formate with 
water in a closed tube, and by treatment of a lead salt by a solution of 
ammomum carbonate at a temperature of i5o°-i8o° 

Occurrence mid Ongtn — ^The mineral occurs at all localities at which 
other lead compounds are found, smce it is often produced from thes** 



Fig 123 — Radiate Groups of Cerussite on Galena from Park C'lly Distriil, Utah. 
{After J M Boulwcll) 

latter by the action of the atmosphere and atmospheric water It is, 
therefore, usually found in the upper portions of veins 

Locahhes — Cerussite crystals of great beauty are found m many of 
the lead-producing districts of Europe and also at Phoemxville, Penn ; 
near Union Bridge, m Maryland, at Austin's Mines, Wythe Co., Vir- 
ginia, and occasionally in the lead mines of Wisconsin and Missouri. 
In the West it occurs at Leadville, Colo , at the Flagstaff and other 
mines m Utah (Fig 123), and at several different mines m Arizona. 

It is mined with other lead compounds as an ore of the metal 
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Dolomite (MgCa(C 03 ) 2 ) 

Dolomite is apparently isomorphous with calcite but the etch 
figures on rhombohedral -faces prove it to belong m the trigonal 
rhombohedral class It occurs as crystals and in all the forms charac- 
teristic of calcite except the fibrous 

Nearly all calcite contains more or less magnesium carbonate, but 
most of the mixtures are isomorphous with calcite and magnesite 
When the ratio between the two carbonates reaches 5435 per cent 
CaCOs 45 65 per cent MgCOs, which is equal to the ratio between 
the molecular weights of the two substances, or in other words when the 
two carbonates are present in the compound in the ratio of one molecule 
to one molecule, the mineral is called dolonjite The calculated com- 
position of dolomite (MgCa(C03)2) is 30 4 per cent CaO, 21 7 per cent 
MgO and 47 8 per cent CO2 

The crystals of dolomite are usually rhombohedral combinations of 
the rhombohedron R(ioli) with the scalenohedron 
R3(2I3 i) (Fig 124), and its tetartohedral forms, 
and often the prism 00 P2 (1120) and the basal 
plane Its axial ratio is 8322 Twins 

are not rare, with oR(oooi) and R(ioTi) the 
twinning planes The R planes are often curved, 
frequently with concave surfaces (Fig 125) The 
angle loli A 1^101 = 73°. 

The cleavage of dolomite is perfect parallel 
to R The mineral is brittle Its hardness is 
3 5-4 and density 2 915 Its luster is vitreous or 
pearly and its color white, red, green, gray or 
brown Its streak is always white and the mmeral is translucent or 
transparent Its refractive indices for yellow light are 16817, 
6= I 5026 The important varieties recogmzed are 
Pearlspar, with curved faces having a pearly luster 
Gramdar or saccharotdcd, including many marbles and magne'San 
limestones 

Dolomikc limestone, including much hydraulic limestone 
Many dolomites are intermixed with the carbonates of iron, manga- 
nese, cobalt or zinc and these are known as ferriferous dolomite, etc 
Dolomite behaves like calcite before the blowpipe and in the closed 
tube It, however, dissolves only slowly, if at all, m cold hydrochloric 
acid, except when very finely powdered, though dissolving readily with 
effervescence in hot acid 



Fig 124 — Dolomite 
Crystal with 4R, 
4041 (ilf) and oP, 
0001 (c) 
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The reaction toward cold acid and its greater hardness easily dis- 
tinguish dolomite from calate It is distinguished from fmgnente by 
the flame reaction 

Occurrence and Origin —Dolomite, like the calcium carbonate, occurs 
crystallized in veins, and as granular masses forming gicat beds of rock 
It IS a precipitate from solutions and a metasomatic alteration jiroduct 
of calcite 

Localities — ^Its crystals are present at many places, among them 
Bex, in Switzerland, Traversella, in Piedmont, Guanajuato, in Mexico, 
Roxbury, in Vermont, Hoboken, N J., Niagara P^alls, the Quarantine 



Fig 125. — Group of Dolomite Crystals from Jophn, Mo Flat Rhombohcdrons witli 

Curved Faces 

Station, and Putnam, N. Y , Joplin, Mo , and Stony Point, N C. It 
is also very widely spread as beds of dolomitic limestone 

Uses — ^Dolomite is used for many of the purposes served by calcite, 
indeed, much of the material used as marble, limestone, etc , contains a 
large percentage of magnesium carbonate It is not, however, used as a 
flux or in the manufacture of Portland cement, nor as a source of lime 

Ankerite (Ca(Mg Fe)(C03)2) is a ferruginous dolomite. It is an 
isomorphous mixture of the carbonates of calcium, magnesium and iron, 
m which the FeCOa rqilaces a part of the MgCOs m dolomite It is 
usually in rhombohedral crystals, with the angle loTi A i’ioi«73^ 4 ®^ 
Its color is white, gray or red and its streak is white Its hardness 
=3 5-4, and Its density = 2 98 It also occurs in coarse and fine-grained 
granular masses, Ankente is infusible before the blowpipe. In the 
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closed tube it darkens and when heated on charcoal it becomes mag- 
netic It occurs in veins, especially those contaimng iron minerals 
It has been found at Antwerp and other places in northern New York. 

CALCIUM-BARIUM CARBONATES 

Carbonates of the general composition CaBa(C03)2 occur (i) as a 
series of mixed crystals isomorphous with calcite under the name ban- 
calctte^ (2) as a series of mixed crystals isomorphous with aragomte 
known as alstonite or bromlitey and (3) a typical double salt, barytocalctte, 
which is monoclimc Both alstonite and barytocalcite occur in veins 
of lead ores and of barite (BaS04) 

Barytocalcite, CaBa(C03)2 is monoclimc (prismatic class), with 
a: b . c=^ 7717 I 6255 and i8=73® 52' It forms crystals bounded 
by 00 Poo (100), ooP(iio), oP(ooi), and a series of clmopyramids, of 
which 2P2 (i 2!) and sPs (i 51) are common It also occurs massive Its 
perfect cleavage is parallel to ooP(iio) The mineral is white, gray, 
greenish or yellowish Its streak is white, hardness =4 and sp gr == 
3 66$ It is transparent or translucent Before the blowpipe frag- 
ments fuse on thin edges, and assume a pale green color, due to the 
presence of a little manganese The mineral is soluble in HCl Its 
principal occurrence is Alston Moor, Cumberland, England. 


BASIC CARBONATES 


The basic carbonates are salts in which all or a portion of the hydro- 
gen of carbonic acid is replaced by the hydroxides of metals There 
are only three minerals belonging to the group that need be referred to 
here Two are copper compounds One is the bright green malachnie 
and the other the blue azunte The composition of the former may be 


CuOHv 

represented by the formula >C03, and that of the latter by 

riiOTT/ 


CuOH 


CuOHv 

Cu:^(C03)2. Both are used to some extent as ores of the metal, 
CmGh/ 

though their value for this purpose is not great at the present time 
They may easily be distmguished from all other minerals by their 
distinctive colors, by the fact that they yield water in the closed tube 
and by their effervescence with acids The third mineral (hydrozinctte) 
is a white substance that occurs as earthy or fibrous incrustations on other 
zinc compounds. Its composition corresponds to 2ZnC03 3Zn(OH)2 
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Its hardness = 2-2 5 and its specific gravity is about 3 7 Only the two 
copper compounds are described m detail 


Malachite ((CuOH) 2 C 03 ) 

Malachite usually occurs in fibrous, radiate, stalactitic, granular 
or earthy, green masses, or as small drusy crystals covering other copper 
compounds The mineral contains, when pure, 19 9 per cent CO2, 
71 9 per cent CuO and 8 2 per cent H2O 

Well defined crystals are usually very small monoclinic prisms (mon- 
oclinic prismatic class), with an a\ial ratio 8809 • i 
* 4012 and 61° so' Their predominant forms 
are ooP6o(ioo), ooPa:(oio), ooP(iio), and 
oP(ooi) Contact twins arc common, with 
00 Poo (100) the twinning plane (Fig 126) The 
angle no A 1^0=75® 40' 

The puie mineral is bright green m color and has 
a light green slieak It possesses a vilieous luster, 
but this becomes silky in fibrous masses and dull 
in massive specimens Crystals arc translucent 
and massive pieces aic opaque. Translucent 


4 




OOI 

about a 


Fig 126 — Malachite 
Crystal with ooJ>, 
no (w), 00 Poo, 

100 (ff), and oP, pieces are pleochroic in yellowish green and dark 
(c) Twinned tints The cleavage is perfect paiallcl to 

oP(ooi) The haidncss of malachite is 3 5-4, and 
its density about 3 9 Its refractive index, 0 , for yellow light ==i 88 
Malachite turns black and fuses bcfoic the blowpipe and tinges the 
flame green With NaaCOs on charcoal it yields a copper globule. It is 
difficultly soluble m pure water, but is easily dissolved m water con- 
taimng CO2 It is soluble with effervescence in HCl and its solution 
becomes deep blue on the addition of an excess of ammonia. When 
heated in a closed glass tube, it gives an abundance of water. Boiled 
with water it turns black and loses its CO2 

Malachite, on account of its characteristic color, may 1 )C easily dis- 
tinguished from all other minerals but some varieties of turquo%i>e and 
a few copper compounds, such as atacamiie (p 144) It may be dis- 
tmguished from all of these by its effervescence with acids 

Synthesis . — Malachite crystals have been obtained with the form of 
natural crystals by heating a solution of copper carbonate m ammonium 
carbonate 

Occurrence and Origin — Malachite is a frequent decomposition 
product of other copper minerals, being formed rapidly in moist places. 
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It occurs abundantly in the upper oxidized portions of veins of copper 
ore, where it is associated with azurite, cuprite, copper, hmomte and the 
sulphides of iron and copper, often pseudomorphing the copper minerals 
The green stain noticed on exposed copper trimmings of buildings is 
composed in part of this substance 

Locahhes — ^The mineral occurs in all copper mines At Chessy, 
France, it forms handsome pseudomorphs after cuprite In the Umted 
States it has been found in good specimens at Cornwall, Lebanon Co , 
Penn , at Mineral Point, Wisconsin, at the Copper Queen Mine, Bisbee, 
and at the Humming Bird Mine, Morenci, Arizona, and in the Tintic 
district, Utah. 

Uses — ^In addition to its use as an ore of copper the radial and mass- 
ive forms of malachite are employed as ornamental stones for inside 
decoration The massive forms are also sawn into slabs and polished 
for use as table tops and are turned into vases, etc 

Prodtickon — ^As malachite is mined with other copper compounds, 
the quantity utilized as an ore of the metal is not known The amount 
produced in the United States dunng 1912 for ornamental purposes was 
valued at $1,085 This, however, included also a imxture of malachite 
and azunte, 

Azurite (Cu(Cu 0 H) 2 (C 03 ) 2 ) 

Azurite is more often found in crystals^than is malachite. It occurs 
also as veins and incrustations and in massive, radiated, and earthy 



Fig 127— Azunte Crystals with oP, 001 (c), -Pco, loi (o-), j«Poo, 100 (a), 
P, III (a;), 00 P, no (?»), — 2P, 221 (A), -JP2, 243 (d) and P w , on (/) 


forms associated with malachite and other copper compounds. Its 
most frequent associate is malachite, into which it readily alters 

In composition azurite is 25 6 per cent CO2, 69 2 per cent CuO, and 
5 2 per cent H2O It changes rapidly to malachite, and sometimes is 
reduced to copper 

The crystals are tabular, prismatic, or wedge-shaped monoclimc 
forms (monoclimc prismatic dass), with an axial ratio a . b : c= 8501 : 

1 : I 761X, and P-Sf 36', They are usually highly modified, 58 or 
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more different planes having been identified on them The predominant 
ones are oP(ooi), — P6o(ioi), ooP(iio), — 2P(22i) and ooPw(ioo). 
(Fig 127 ) The angle iioAiTo=8o® 40' 

The mineral is dark blue, vitreous, and translucent or transparent, 
and IS pleochroic in shades of blue It is brittle Its streak is light 
blue, its hardness 3 5-4 and density 3 8 Its cleavage is distinct parallel 
toFoo (on) 

The blowpipe and chemical reactions for azurite are the same as 
those for malachite By them the mineral is easily distinguished from 
the few other blue minerals known 

Synthests — Crystals have been formed on calcite by allowing frag- 
ments of this mineral to lie in a solution of CUNO3 for a year or more 
Occurrence — ^The mineral occurs in the oxidized zone of copper veins. 
It IS an intermediate product m the change of other coppei compounds 
to malachite 

Localities — ^Azurite occurs in beautiful crystals at Cressy, France, 
near Redruth, in Cornwall, at Phoemxville, Penn , at Mineral Point, 
Wis , at the Copper Queen Mine, Bisbce, Anz , at the Mammoth 
Mine, Tintic district, Utah, at Hughes’s Mine, California, and at many 
other copper mines in this country and abroad 

From Morenci, Ariz , Mr Kunz describes specimens consisting of 
spherical masses composed of alternating layers of malachite and 
azunte, which, when cut across, yield surfaces banded by alternations of 
bright and dark blue colors 

Uses — ^Azurite is mined with other copper minerals as an ore of cop- 
per It is also used to a slight extent as an ornamental stone (see mal- 
achite). 

HYDROUS CARBONATES 


The hydrous carbonates are salts containing water of crystalliza- 
tion They are carbonates of sodium or of this metal with calcium or 
magnesium Some of them occur in abundance in the waters of salt or 
bitter lakes, but very few are known to occur m any large quantity in 
solid form Among the commonest are: 


Soda or nairon 
Trona 
Gaylussite 
Hydromagnestte 


Na2C03 10H2O monoclimc 

HNas (003)2 • 2H2O monoclinic 

Na2Ca(C03)2 SH2O monoclinic 

Mg4(OH)2(C03)o • 3H2O orthorhombic 


These minerals occur either m the muds of lakes or as crusts upon the 
mud or upon other minerals. 
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Fig i2S—Trona Crys- 
tal with oP, ooi (c), 
GO P CO , 100 (a) and 
+P, In (o) 


Natron occurs only in solution and in the dry mud on the borders 
of lakes 

Trona, or urao, (HNa3(C03)2 2H2O) is found as crystals in the 
mud of Borax Lake, California, as a massive bed m Churchill Co., 
Nevada, and as thin coatings on rocks in other 
places. Its crystallization is monoclinic (pris- 
matic class), with the axial ratio, 2 8426 : i . 

29494 and 18=76° 31' Its crystals are usually 
bounded by oP(ooi), 00 (100), — P(iii) and 

+P(Tii) (Fig 128) Fibrous and massive forms 
are common The mineral has a perfect cleavage 
parallel to 00 P 60 (100) It is gray or yellowish 
and has a colorless streak It has a vitreous luster, a hardness of 
2 s~3, and a density of 2 14 It is soluble in water and has an alkaline 
taste It exhibits the usual reactions for Na and for carbonates 

Gaylussite (Na2Ca(C03)2 SH2O) also occurs as crystals in the 
muds of certain lakes, especially Soda Lake, near Ragtown, Nevada, 
and Merida Lake, Venezuela, and m clays under swamps m Railroad 
Valley, in Nevada Its crystals are monoclimc 
(prismatic class) with a : t : c=i 4897 : i : 1 4442 
and 18=78° 27' They are usually bounded by 
00 P(iio), P ^ (on), and ^P(Ti2) (Fig 129), or by 
these planes and oP(ooi) and 00 P w (100). They 
are either prismatic because of the predominance 
of P&(oii) and oP(ooi), or are octahedral in 
habit because of the nearly equal development of 
P 00 (on) and 00 P(iio). Their cleavage is perfect 
parallel to ooP(iio) 

The mineral is white or yellowish and trans- 
lucent Its hardness is 2-3 and density 1 99 
It is very brittle When heated in the closed 
tube it decrepitates and becomes opaque It loses its water at 100° 
In the flame it melts easily to a white enamel and colors the flame yellow 
It is partially soluble in water, leaving a white powdery residue of CaCOs 
and is entirely soluble in acids with effervescence The imneral occurs 
in such large quantity m the clays underlying swamps m Railroad Valley, 
Nevada, that its use has been suggested as a source of Na2C03. 



Fig 129 —Gaylussite 
Crystal with 00 p, 
no (m), Pw , on 
(e) and JP, 112 (r). 



CHAPTER XII 


THE SULPHATES 

The sulphates are salts of sulphuric acid A large number are 
known to occur in nature but many of them are dissolved in the waters 
of salt lakes Of the remaining ones only a few are very common 
These may be divided into an anhydrous normal group, a basic group and 
a hydrated group In addition, there are several minerals that are 
sulphates mixed with chlorides or carbonates 

All the sulphates that are soluble in water give the test for sulphuric 
acid When heated with soda on charcoal they are reduced to sulphides 
The mass when placed on a silver com and moistened with a drop of 
water or of hydrochloric acid partly dissolves and stains the silver dark 
brown or black 

The sulphates when pure are all white and transparent, and are all 
nonconductors of electricity 

ANHYDROUS SULPHATES 

NORMAL SULPHATES 

The anhydrous normal sulphates ha\c the general formula R'2S04 
or R"S04 The most common ones are sulphates of the alkaline earths 
and lead They belong m a single group which is orthorhombic The 
few less common ones are sulphates of the alkalies or of the alkalies 
and alkahne earths Only two of the latter are described* 

Gkuberite (Na 2 Ca(S 04 ) 2 ) 

Glauberite may be regarded as a double salt of the composition 
Na2S04 CaS04, which requires 51 1 per cent Na2S04 and 48.9 per cent 
CaS04 The mineral contains 22 3 per cent Na20, 20 i per cent CaO 
and S7 6 per cent SO3 

It nearly always occurs in monoclimc crystals (prismatic class), 
with an axial ratio i 2209 . i i 0270 and 18*= 67® 49'. The most fre- 
quent combination is oP(ooi), — P(iii), ooP(iio), 00 Poo (100), 
3P3(3i 7) and +P(ii7), with oP(ooi) prominent (Fig 130) The 
cleavage is perfect parallel to oP(ooi) The angle iioAiTo=96® $8'. 
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Glaubente is yellow, gray or bnck-red m color, is transparent or 
translucent and has a white streak, a vitreous luster and a conchoidal 
fracture Its hardness is 2 5-3 and its specific 
gravity about 28 It is brittle It is partly 
soluble in water, imparting to the solution a 
slight saltiness The red color of many speci- 
mens is due to the presence of inclusions 

Before the blowpipe the mineral decrepi- 
tates, whitens and fuses easily to a white 
enamel, at the same tune colonng the flame f lo 130 —Glaubente Ciys- 
yellow It IS soluble in HCl and in a large tal with oP, 001 (c), wP, 

quantity of water In a small quantity of ” ^ ^ 

water it is partially dissolved with loss of 
transparency and the production of a deposit of CaSOi. 

It sometuncs alters to calcite 

Occmretice — Glaubente is assoaated with rock salt and other de- 




Fig 131 — Thenardite Crystal 
with »P, no (/«), P, iiT 
(0), J Poo, 106 (0 and oP, 
001 (c) 


posits from bodies of salt water It is found 
at Villa Rubia, in Spam, and elsewhere 
m Europe, and m the Rio Verde Valley, 
Arizona and at Borax Lake, California 

Thenardite (Na2S04) occurs as ortho- 
rhombic crystals in the vicimty of salt 
lakes, and in beds associated with other 


lake deposits Its crystals hate an axial ratio 597 ^ : r : i 2524 


They are commonly prismatic but those 
from Cahfornia are tabular and are bounded 
by ooP(iio), oP(ooi), P(iiT), 5 Pm(io 6), 
and 00 Pm (100) (Fig 131) Twins are 
common (Fig 132) 

The mineral is colorless, white or reddish 
and has a salty taste Its hardness is 2-3 
and its specific gravity 2 68 Its mter- 
mediate refractive index is 1 470 It is 



readily soluble in water. It occurs m exten- Fig 132 —Thenardite 
sive deposits in the Rio Verde Valley, An- Twinned about PS (on) 

zona, and as crystals at Borax Lake, Cah- Fo™s ^e as m Rg. 131 
forma and on the shores of salt lakes in an « « , 100 (o 


Central Asia and South Amenca. 
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BARITE GROUP 

The bante group includes the sulphates of the alkaline earths and 
lead They are all light colored minerals with a nonmetallic luster 
They all crystallize in the orthorhombic system (bipyramidal class), 
and all have a hardness of about 4 The minerals comprising this group, 


with their axial ratios, j 

are 


Anhydnte 

CaSOi 

a* b : c— 8932 * I • I 0008 

Bante 

BaS04 

= 8132 I I 3136 

Celeshte 

SrS 04 

= 7790 I . I 2800 

Anglesite 

PbS 04 

= 7832 : I . I 2894 


Anhydrite (CaSOj 

Calcium sulphate is dimorphous The natural compound, anhy- 
drite, IS orthorhombic bipyramidal In addition to this, there is another 
which passes over into anhydnte when shaken for a long time with boiling 
water It is produced by dehydrating gypsum at about 100® When 
moistened it combines with water and passes back to gypsum It is 
probably tnclmic It is unstable under the conditions prevailing at 
the earth’s suiface and is, therefore, not found as a mineral 

Anhydrite occurs usually m fibrous, granular or massive forms, not 
often in crystals When crystals occur they arc commonly prismatic or 
tabular m habit 

In composition the mineral is 58 8 per cent SOa and 41 2 per cent 
CaO 

Its crystals arc usually bounded by the three pinacoids oP(ooi), 
00 Poo (100), 00 p 06 (010) and P(iii), 2P2(i2i), 3P3(i3i), P<»(ioi) 
and P06 (on) The prismatic types are usually elongated parallel to 
the macroaxis The angle no A 110=83® 4^^ 

Anhydnte fuses quite easily before the blowpipe and colors the flame 
reddish yellow It is very slightly soluble in water but is completely 
dissolved in strong sulphunc acid It cleaves parallel to the three pin- 
acoids yielding rectangular fragments. Its hardness is 3-3 $ and den- 
sity about 2 93 Its luster is vitreous m massive pieces and its color 
white, often with a distinct tinge of blue, gray or red. In small frag- 
ments it IS translucent, but in large masses it is opaque Its refractive 
indices for yellow light are «= i 5693, 7=1 6130 

It IS distinguished from the other sulphates by its specific gravity 
and the color it imparts to the blowpipe flame 



SULPHATES 


239 


Synthesh — Its crystals have been produced by slowly evaporating a 
solution of gypsum in H2SO4 

Occurrence — Anhydrite occurs as crystals implanted on the minerals 
of ore veins, as beds of granular masses associated with g3^sum, and as 
crystalline masses in layers associated with rock salt — the two having 
been deposited by the evaporation of salt waters 

Locahkes — The mineral is found at the salt mines of Stassfurt, in 
Germany, Hall, in Tyrol, Bex, in Switzerland, in the ore veins of 
Andreasberg, in Harz, Bleiberg, in Carmthia, and at many other places 
m Europe At Lockport, N Y , and at Nashville, Tenn , it occurs as 
crystals lining geodes in limestone, and at the mouths of the Avon and 
St Croix Rivers m Nova Scotia it forms large beds associated with 
g)^sum 

Uses — Finely granular forms of the mineral are used for ornamental 
purposes, and as a medium for the use of sculptors The massive variety 
IS occasionally employed as a land plaster to enrich cultivated soils 

Barite (BaS 04 ) 

Barite, or heavy spar, usually occurs crystallized, though it is also 
often found massive and in granular, fibrous and lamellar forms It is 
a common mineral associated with sulphide ores as a gangue 

The mineral is sometimes pure but it is usually intermixed with the 
isomorphous calcium and strontium sulphates The pure mineral con- 
tains 34 3 pel cent SO3 and 65 7 per cent BaO As usually mined it 
contains S1O2, CaO, MgO, AI2O3, FeaOs and in some instances PbS2 
(galena) 

The simple crystals are usually tabular or prismatic in habit. The 
tabular forms are commonly bounded by oP(ooi), ooP(iio) and the 
domes, P w (loi), |P 60 (102), 2P 06 (021), and P «56 (on), and sometimes 
P(iii) and ooPto (ioo) (Fig. 133), The prismatic forms are usually 
elongated in the direction of 
the a axis, and are bounded 
by the same planes as the 
tabular crystals (Fig 134) 

Complex crystals are also 
abundant They are often 
beautifully supplied with planes, the total number known on the 
species being about 100 The angle 22^' 

The cleavage of barite is perfect parallel to oP(ooi) and 00 P(iio) 
It is brittle Its hardness is about 3 and its density about 4 5 The 


Fig 133 — Bante Crystals with 00 P, no (m), 
iPw, 102 (d), Poo, on (0) and oP, 001 (c) 
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mineral is white, often with a tinge of yellow, biown, blue, oi red 
It is transparent or opaque and its streak is white Its ref i active 
mdices for yellow light aie « = i 6369, 7=1 6491 

Before the blowpipe barite decrepitates and fuses, at the same time 

colonng the flame yel- 
lowish green The fused 
mass reacts alkaline to 
litmus paper It is in- 
soluble in acids 

The mineral bante is 
Fig 134— Barite Cryst^s with m, d, 0 and c as m distinguished from the 
Fjg 133 Also ooPoo, 100 (a). P, III (s) and by its 

high specihc gravity and 

the color it imparts to the blowpipe flame 

Syntheses — Crystals have been made by heating precipitated barium 
sulphate with dilute HCl m a closed tube at 150®, and by cooling a fusion 
of the sulphate in the chlorides of the alkalies or alkaline earths 

Occurrence and Origtn — Bante is a common vein-stonc It con- 
stitutes the gangue of many ore veins, particularly those of copper, 
lead and silver. It is found also as a replacement of limestone, which, 
when it weathers, leaves the barite in the form of fragments and nodules 
in a residual clay, and as a deposit in hot spnngs. In all cases it is 
believed to be a deposit from solutions 

Locahttes — Barite occurs abundantly in England, Scotland, and on 
the continent of Europe Crystals are found at Cheshire, Conn ; at 
DeKalb, St Lawrence Co , N Y , at the Phoenix Mine in Cabarrus 
Co,, N C , and near Fort Wallace, New Mexico Massive barite m 
pieces large enough to warrant polishing is found on the bank of 
Lake Ontario, at Sacketts Harbor, NY It constitutes the filling of 
veins at many different places, more particularly in the southern Appa- 
lachians and m the Lake Superior region. 

Preparation — Much of the mineral that enters the trade in the 
United States is obtained from the deposits m residual clay The rough 
material is washed, hand picked, crushed, ground and treated with 
sulphuric acid. The acid dissolves most of the impurities and leaves 
the powdered mineral white 

Uses —The white varieties of the mineral are ground and the powder 
is used m making paints The mineral is also employed in the manu- 
facture of paper, oilcloth, enameled ware, and in the manufacture of 
barium salts, the most important of which is the hydroxide, which is 
employed in refining sugar. 
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The colored massive varieties, more especially stalactitic and fibrous 
forms, are sawn into slabs, polished and used as ornamental stones 
Production — The quantity of barite mined in the United States 
during 1912 was over 37,000 tons, valued at $153,000 The prmcipal 
producing states are Missouri, Tennessee and Virgima. The imports 
in the same year were about 26,000 tons of crude material, valued at 
$52,467 and 3,679 tons of manufactured material, valued at $26,848 
Besides, there were imported $70,300 worth of artificial barium sul- 
phate and about $280,000 worth of other banum salts, exclusive of 
witherite. 

Celestite (SrSOJ 

Celestite occurs in tabular prismatic crystals, in fibrous and some- 
times in globular masses Though usually white, it often possesses a 
bluish tinge, to which it owes its name 

The theoretical composition of the imneral is 43 6 per cent SO3 
and 56 4 per cent SrO, but it often contams small quantities of the 
isomorphous Ca and Ba compounds 

Many celestite crystals are very similar in habit to those of bante. 



Fig. 13s — Celestite Crystals with 00 P, no (w), iPoo, 102 (<f), i Poo, 104 (r), 
00 P 00 , 010 (6), P w , on {0) and oP, 001 (c) 

Tabular forms are perhaps more common (Figs. 135). Occasionally, 
pyramidal crystals are bounded by P4(i44), ooPw(ioo), Po6(oii) 
and oP(ooi) These often have rounded edges and curved faces and 
thus come to have a lenticular shape. The angle no A iTo= 75® 50' 
The cleavage of the mineral is perfect parallel to oP(ooi) and almost 
perfect parallel to 00 P(iio) Its hardness is about 3 and its specific 
gravity 3 95. Its luster and streak are like those of barite. Its color 
IS often pale blue and sometimes hght red, but pure specimens are 
white or colorless. Its refractive indices for yellow hght are: a= i 6220, 
7-16237 

Before the blowpipe celestite reacts like barite except that it tinges 
the flame crimson This cnmson color may be obtained more dis- 
tinctly by fusing a little powder of the mineral on charcoal in the reduc- 
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mg flame and dissolving the resulting mass in a small quantity of hydro- 
chlonc acid, then adding some alcohol and igniting the mixture 

Syntheses — Crystals of celestitc arc produced in ways analogous 
to those in which barite crystals are formed 

Occurrence and Ortgtn — Celestite occurs in beds with rock salt and 
gypsum, as at Bex, Switzerland, associated with sulphur, as at Gir- 
genti, Italy, and in crystals and grams scattered through limestone, 
as at Strontian Island, Lake Erie, and m Mineral Co , W Va , or 
as crystals lining geodes m the same rock It is also sometimes found 
as a gangue m mineral veins In some instances it was deposited by 
hot waters, m others by cold waters, and in others it was concentrated 
by the leaching of strontium-bearing limestones by atmospheric water 

Production and Uses — ^Although the mineral occurs m large quan- 
tity at a number of places m the United States and Canada it is not 
mined A small quantity of the strontium oxide is annually imported 
Strontium salts, prepared from celestite in part, aie used m the manu- 
facture of fireworks and medicineb and m refining sugar. 

Anglesite (PbSOi) 

Anglesite occurs principally as crystals associated with galena and 
other ores of lead, but is found also massne, and m granular, stalactitic 
and nodular forms 

The theoietical composition of the mineral demands 73 6 per cent 
PbO and 26 4 SO3 

Its orthorhombic crystals are usually prismatic or isonictiic m habit 
Tabular habits are less common than m barite and celestite The 
principal forms occurring are ooPc«(ioo), ooP(tio), lPcso(io2), and 
other macrodomes, P 06 (on) and various small iiyramids, with oP(ooi), 
in addition, on the tabular crystals (Figs 136, 137, 138), The angle 
iioA 1^0=76° i6|' 

The cleavage of anglesite is distinct parallel to oP(ooi) and 00 P(i 10) 
Its fracture is conchoidal The mineral is white, gray or colorless and 
transparent, and is often tarnished with a gray coating. It has an 
adamantine or residuous luster, is bnttle and has a colorless streak 
Its hardness is 2 5-3 and sp gr 6 3-6 4. Impure varieties may be 
tinged with yellow, green or blue shades and m some cases may be 
opaque Its refractive indices for yellow light are i 8771, 7 « i 8937. 

Before the blowpipe anglesite decrepitates It fuses m the flame of 
a candle On charcoal it effervesces when heated with the reducing 
flame and 3aelds a button of metallic lead In the oxidizing flame it 
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gives the lead sublimate The mineral dissolves in HNO3 with dif- 
ficulty 

The mineral is characterized by its high specific gravity and the 



Fig 136 


Fig 137 


Fig 136 — Vnglcsitc Crystal with oop^ no (m), ooPw, loo (a), oP, ooi (c), 
JP, 112 (/) and Pi, 122 (y) 

Fig 137 — \nglcsitc Crystal with a and y as in Fig 136 Also ooP^S, 
CIO ijbj, P 00 , on (0), P, III ( 5 ) and 5P ^ , 102 (d) 


reaction for lead. It is distinguished from tenissite by the reaction for 
sulphur and the lack of effervescence with HCl 

Syntheses — Crystals of anglesite have been made by methods anal- 
ogous to those used in the preparation of barite crystals 

Occurrence — ^The mineral occurs as an alteration product of galena, 
mainly in the upper portions of veins of 
lead ores Under the influence of solu- 
tions of carbonates it changes to cerus- 
site 

Localihes — It is found in Derby- 
shire and Cumberland, m England, 
near Siegen, in Prussia, in Australia and 
in the Sierra Mojada, in Mexico In the 
United States crystals occur at Phoenix- 

viUe, Penn , in the lead districts of the Mississippi Valley, and at 
various points in the Rocky Mountains 

Vse ^^ — ^It is mined with other lead compounds as an ore of this metal 



Fig 138 —Anglesite Crystal with 
w, y, c and d as in Figs 136 and 
137 Also iP w , 104 (0 and P4, 

144 (x) 


BASIC StTLPHATES 

Although several basic sulphates are known as minerals, only two 
are of importance One, hrochant%te, is a copper compound found, with 
other copper minerals, in the oxidized portions of ore veins, and the 
other, alumte^ is a double salt of aluminium and potassium. This mm- 
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eral is one of a senes of compounds forming an isomorphous group, with 
the general formula (R"'(0H)2)6R'2(S04)4 or (R"'(OH)2)oR"(SOi)i, 
in which R'"==A 1 or Fe, R'2=K2, Na2 or H2 and R"=Pb 


Alumte ((A1(0H)2)6K2(S04)4) 

Alumte, or alumstone, is a comparatively rare mineral, but, because 
of its possible utilization as a source of potash, it is of considerable in- 
terest It has long been used abroad as a source of potash alum 

The mineral, when pure, contains 38 6 per cent SO3, 37 o per cent 
AI2O3, II 4 per cent K2O and 13 o per cent H2O, which corresponds to 
the formula given above, or if written in the form of a double salt 
3 (A 1 (011)2)2804 K2SO4 The chemical composition of a crystalline 
specimen from Marysville, Utah, is as follows 

SO3 AI2O3 Fe203 P20f, K2O Na20 H2O+ H2O— Si02 Total 
38 34 37 18 tr 58 ro 46 33 12 90 09 22 100 10 

Alumte occurs in hexagonal crystals (ditrigonal scalenohedral class), 
with an axial ratio of i i 252 The natural crystals are nearly always 
simple rhombohedrons, R(ioTi), or R modified by other rhombohedrons 
and the basal plane Because the angle between the rhombohcdral 
faces IS about 90® (90® 50'), the habit of the crystals is cubical The 
mineral also occurs massive, with fibrous, granular or porcclain-hke 
structure 

Alunite is white, pink, gray or red, and has a white streak It is 
transparent or translucent and has a vitreous or nearly pearly luster. 
Its cleavage is distinct parallel to oP(oooi), and it has an uneven, con- 
choidal or earthy fracture Its hardness is 3 5-4 and its density* 
26-275. Its indices of refraction for yellow light are: €*1592, 
6)* I 572 

Before the blowpipe the mineral decrepitates, but is infusible In 
the closed tube it yields water and at a high temperature sulphurous and 
sulphuric oxides Heated on charcoal with Co(N03)2 it gives the blue 
color characteristic of AI2O3 It also gives the sulphur reaction It is 
insoluble in water but is soluble in H2SO4 When ignited it gives off 
all Its water and three-quarters of its SO4, the other quarter remaining 
m K2SO4 When the ignited residue is treated with water, the potas- 
sium sulphate dissolves and insoluble AI2O3 is left. It is upon this 
latter reaction that the economic utilization of the mineral depends. 

The mineral is characterized by its color and hardness together 
with the reactions for AljHaO and sulphunc acid 
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Synihests — Crystals have been made by heating an excess of alu- 
minium sulphate with alum and water at 230® 

Occurreme ani The mineral occurs m seams or veins in 

acid lavas It is thought to have been formed in some instances by 
the action of sulphurous vapors upon the rock forming the vein walls, 
in other instances by direct precipitation from ascending magmatic 
waters, and in others by the action of descending H2SO4 

Localities — The principal known occurrences of alumte are at 
Tolfa, Italy, at Bulla Delah, New South Wales, on Milo, Grecian 
Archipelago, and at Mt Dore, France 

In the United States it is found with quartz and kaolin in the 
Rosita Hills, and the Rico Mts., Colo , in the ore veins at Silverton 
and Cripple Creek, Colo , as a soft white kaolin-like material in the 
ore veins at Goldfield, Nev , as a crystalline constituent in the rocks 
at Goldfield, Nev , and Tres Cerritos, Cal , and in the form of a great 
vein of comparatively pure material at Marysville, Utah 

Uses — In Australia alumte is calcined and then heated with dilute 
sulphuric acid. The mixture is then allowed to settle and the clear 
solution is drawn off and cooled Alum crystallizes The mother hquor 
which contains aluminium sulphate, after further treatment with the 
calcined mineral, is evaporated and the aluminium salt separated by 
crystallization In the United States it is now (1916) being utilized 
as a source of potash and aluminium 

Brochantite ((Cu0H)2S04 2Cu(OH)2) occurs in groups of small 
prismatic crystals, in fibrous masses and in drusy crusts Its crystal- 
lization is orthorhombic with a b • . i ; 4871 and the angle 

iioAiIo=7S° 28' Cleavage is perfect parallel to 00 P 06 (010). The 
mineral is emerald-green to blackish green and its streak is hght 
green* It is transparent or translucent, and its luster is vitreous, 
except on cleavage planes where it is slightly pearly Its hardness is 
3 5-4 and density 3 85 In the closed tube it decomposes, yielding 
water and, at a high temperature, sulphuric acid. It giyes the usual 
reactions for copper and sulphuric acid Brochantite occurs in the 
upper portions of copper veins at many places, in some of which it was 
formed by the interaction between silicates and solutions of copper 
salts. In the United States it has been foqnd at the Monarch Mine, 
Chaffee Co , Colorado, at the Mammoth Mine, Tintic District, Utah, 
and in the Clifton-Morenci Mines, Arizona, 
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HYDROUS SULPHATES 

The hydrous sulphates comprise a numbei of sulphates combined 
with water Among them are the normal salts miralnliic or glauber 
salt (Na2S04 10H2O), gypsum (CaS04 2H2O), the epsomitc and viclan- 
iente groups (R"S04 7H2O), chalcanUnte (CUSO4 sH^O), «ind the 
alum group (R'A1(S04)2 12H2O), kiesente (MgSOi H2O), palyhalite 
(K2MgCa2(S04)4 H2O), and a number of basic compounds Several 
of them are of considerable economic importance, They are separated 
into a normal group and a basic group. 


HYDRATED NORMAL SULPHATES 

The hydrated normal sulphates occur m crystals, and most of them 
are found also in beds interstratified with other compounds that are 
known to have been precipitated by the evaporation of sea water or the 
water of salt and bitter lakes All are soluble in water 

MirabiKte, or glauber salt, (Na2SOi 10H2O) is a white, trans- 
parent to opaque substance occurring m monoclmic crystals or as 
eflElorescent crusts Its hardness is i 5-2 and specific gravity i 48 It 
IS soluble in water and has a cooling taste When exposed to the air it 
loses water and crumbles to a powder Mirabilite occurs at the hot 
springs at Karlsbad, Bohemia and is obtained from the water of many 
of the bitter lakes in California and Nevada Its crystals arc deposited 
from a pure solution of Na2S04 If the solution contains NaCl, how- 
ever, thenardite (Na2S04) deposits 

Kieserite (MgS04 H2O) occurs commonly in granular to comiiact, 
massive beds interstratified with halite and other soluble salts at Stass- 
furt, Germany, and at other places where ocean water has been evap- 
orated. It IS believed to have resulted from the partial desiccation of 
epsomite (MgS04 7H2O), though it may be deposited from a solution 
of MgS04 in the presence of MgCl2. Kiesente is white, gray, or yellow- 
ish, and IS transparent or translucent It forms shaq) bipyramidal 
monoclimc crystals Its hardness is 3 and its density 2 57* In the 
presence of water it passes over into epsomite and dissolves, yielding a 
solution with a bitter taste. Large quantities are utilized in the fer- 
tilizer industry 

When exposed to the air it becomes covered with an opaque crust. 
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Gypsum (CaS04 2H2O) 

Gypsum is the most important of all the hydrous sulphates It 
occurs in massive beds a'-.-ociated with limestone, m crystals, in finely 
granular aggregates and in fibrous masses, under a great variety of 
conditions 

Theoretically, it consists of 46 6 per cent SO3, 32 5 per cent CaO and 
20 9 per cent H2O, but usually it contains also notable quantities of other 
components, especially Fe203, AI2O3 and S1O2 Clay is a common im- 
purity in the massive varieties 

The analyses of two commercial gypsums follow 

CaS04 H2O S1O2 AI2O3 CaCOs MgCOa Total 
Dillon, Kans 78 40 ig 96 35 12 56 57 99 96 

Alabaster, Mich 7S 51 20 96 05 08 ii 99 71 

The crystals are monoclmic (prismatic class), with a : 6 * ^=.6895 : 

I • 4132 and i8=8i° 02' They are usually developed with a tabular 
habit due to the predominance of 00 P 03 (010) The prism 00 P(r 10), 




Fig 139 




Fig 140 


Fig 139 — Gypsum Crystals with qoP, no (w), ooPco, 010 (b), — P, iii (/) and 

^P w , 103 (e) 

Fig 140 — Gypsum Twinned about 00 P 55 (100) Swallow-tail Twin Form w, 

I and b as in Fig 139 


and pyramid +P(ixT) are also nearly always present (Fig 139). Often 
the +P faces are curved, producing a lens-shaped body Twinmng is 
very common, giving rise to two types of twinned crystals In the most 
common of these 00 P 56 (100) is tie twinmng plane and the resulting 
twin has the form of Fig 140 In the second type— P 66 (loi) is the 
twinmng plane (Fig. 141) Forms of this type are frequently bounded 
by +P(iiT), — P(iii), |P<w (T03), and cjoPm (ioo) When the side 
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Fig 141 — Gypsum Twinned about 
-P 06 (loi) Forms ©o P w , 100 


faces are curved the well known arrowhead twins result (Fig 141) 
The angle iioAiTo=68® 30' 

The mineral possesses a good cleavage parallel to 00 P w (010) 
yielding thin inelastic fohae, another parallel to +P(Tii) and a less 

perfect one parallel to 00 P 00 (100) 
It IS white, colorless and transpar- 

blue or black when impure Its 
hardness is i 5-2 and sp. gr =2 32 
The luster of crystals is pearly on 
00 P ob (010) and on other surfaces 
vitreous Massive varieties are often 
dull The refractive indices for yel- 
low hght are, 1.5205, 1^=1.5226, 
7=1 5296 

In the closed tube the mineral 
(a), -P, III (/), P, III («) and gives off watei and falls into a white 
i P 00 , T03 (e) Arrow head Twin powder (see p 238) It Colors the 

flame yellowish red and yields the sul- 
phur test on a silver coin. It is soluble m about 450 pts of water and 
IS readily soluble m HCl When heated to between 222® F and 400® F 
it loses water and disintegrates into powder, which, when ground, 
becomes “ plaster of Pans '' This, when moistened with water, again 
combines with it and forms gypsum The crystallization of the mass 
into an aggregate of interlocking crystals constitutes the ‘‘ set.'' 

Gypsum is distinguished from other easily cleavable, colorless min- 
erals by its softness and the reactions for S and H2O. 

The varieties of gypsum generally recognized are. 

Selenite, the transparent crystallized variety, 

Sahnspar, a finely fibrous variety, 

Alabaster, a fine-grained granular variety, and 

Rock-gypsum, a massive, structureless, often impure and colored 
variety. 

Gypsite is gypsum mixed with earth 

Syntheses — Crystals of gypsum separate from aqueous solutions of 
CaS04 at ordinary temperatures, and also from solutions saturated 
with NaCl and MgCk Some of these are twinned. 

Occurrence and Origin — Gypsum forms immense beds interstrati- 
fied with limestone, clay and salt deposits where it has been precipitated 
by the evaporation of salt lakes Its crystals occur around volcanic 
vents, where they are produced by the action of sulphuric acid on cal- 
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careous rocks. They are also found isolated in clay and sand, and m 
limestone, wherever this rock has been acted upon by the sulphuric acid 
resulting from the weathering of pyrite Gypsum also occurs in veins 
and IS found in New Mexico in the form of hills of wind-blown sand 
Localities — Crystals are found in the salt beds at Bex, Switzerland, 
in the sulphur mines at Girgenti, Sicily, and at Montmartre, France 
In the United States they occur at Lockport, N Y , in Trumbull Co , 
Ohio, and m Wayne Co , Utah, in limestone, and on the St Mary’s 
River, Maryland, in clay 

Extensive beds occur in Iowa, Michigan, New York, Virginia, Ten- 
nessee, Oklahoma and smaller deposits in many other states, and wmd- 
blown sands in Otero Co , New Mexico 

Uses — Crude gypsum is used in the manufacture of plaster, as a 
retarder in Portland cement, and as a fertilizer under the name of land 
plaster The calcined mineral is used as plaster of Pans and in the 
manufacture of various wall finishing plasters, and certain kinds of 
cements Small quantities are used in glass factories, and as a white- 
wash, a deodorizer, to weight phosphatic fertilizer, as an adulterant in 
candy and other foods, and as a medium for sculpture 

Production — ^The quantity of gypsum named in the United States 
during 1912 aggregated 2,500,757 tons, valued at $6,563,908 in the form 
in which It was sold Of this amount, 441,600 tons of crude material, 
valued at $623,500 were sold ground, and 1,731,674 tons, valued at $5,- 
940,409, were calcined The output of New York was valued at $1,241,- 
500, that of Iowa at $845,600 and of Ohio at $812,400 

After the United Slates the next largest producer is France with a 
product in 1910 of 1,760,900 tons, valued at $2,942,600 and Canada with 
525,246 tons, valued at $934,446 

EPSOMITE AND VITRIOL GROUPS 

These groups comprise minerals with the general formula RSO4 7H2O, 
in which R=Mg, Zn, Fe, Ni, Co, Mn and Cu Isomorphous mix- 
tures indicate that the compounds are diomorphous, and that the 
group is, therefore, an isodimorphous group. The group is separable 
into two divisions, of which one, the epsomite group, crystallizes in the 
bisphenoidal class of the orthorhombic system with axial ratios approx- 
imating 1:1' ,565 The other division, the vitriol^ or mdanterite, 
group crystallizes m the prismatic class of the monoclmic system with 
axial ratios approximating 1 18 * i • i 53 and /3 approximating 75° 
Only the magnesium compound among the pure salts is known to crys- 
tallize in both systems. Crystals separated from a saturated solution 
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are orthorhombic, while those separated from a supersatuiatcd solution 
are monoclimc Other salts occur in isomorphous mixtures in both 
systems All members of the group are soluble in water and all occur as 
secondary products formed by decomposition of other minerals. 

Epsomite (MgS04 '7H2O) 

Epsomite, or Epsom salt, usually occurs m botryoidal masses and 
fibrous crusts coating various rocks over which dilute magnesium sul- 
phate solutions trickle, and mingled with earth 
in the soils of caves The solutions result from 
the action upon magnesian rocks of sulphuric 
acid derived from oxiduing sulphides Crys- 
tals are rare 

The composition corresponding to MgSOf 
7H2O demands 32.5 SOa, 163 MgO and 51 2 
H2O 

The mineral forms white or colorless bi- 

luo 142 —Epsomite Crys- sphenoidal, orthorhombic crystals, with an 
tal with ooP, no (w) , ^ 

p axial ratio a 0* c- 9901 i 57^9 Their 

and -r. in (s) habit IS tetragonal The angle no A 1^0=89® 

26' The commonest forms occurring on syn- 

r p 

thetic crystals are combinations of ooP(iio), and ^r(in) or -l{xii) 

2 2 

(Fig 142) Natural crystals contain, in addition 00 P 08 (oxo) and 

(lOl) 

The luster of epsomite is vitreous, its hardness 2 0-2 s and si)ecific 
gravity 170 Its refractive indices for yellow light are 14325, 
i 3 = I 4554 and 7= i 4608 

The mineral is soluble m w^atcr, yielding a solution with a bitter taste 
With a solution of barium chloride it yields a white precipitate of BaSOt 
Epsomite is distinguished from other colorless, soluble minerals by 
its taste and the reactions for S and Mg 

—Crystals are produced by evaporation of solutions of 
MgS04 containing certain other salts From those containing borax, 
crystals of the type indicated above are separated The production of 
right or left crystals may be provoked by inoculation of the solution with 
a particle of a crystal of the desired type 

Locahties — Epsomite occurs m mineral waters, as, for instance, al 
Seidlitz, Bohemia, on the walls of mines and caves, among the deposits 
of bitter lakes, and as crystals in the soil covering the 'floors of caves 
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Melantente, oi copperas (FeS 04 7H2O), is usuaUy m fibrous, 
stalactitic or pulverulent masses associated with pyrite or other sul- 
phides containing iron, from which it was produced by weathermg 
processes It is commonly some shade of green Its streak is colorless 
Its crystals, which are monochnic (prismatic class), are rare The 
mineral has a hardness of 2 and a density of i 9 It is soluble m water, 
formmg a solution which has a sweetish astrmgent taste. 

ALUM GROUP 

The alum group includes a large number of isomorphous compounds 
with the general formula R'A1(S04)2 12H2O The group crystallizes 
in the isometric system (dyakisdodecahedral class), but all of its mem- 
bers are so readily soluble in water that they are rarely found in nature 
The commonest alums are kalimte (KA1(S04)2 12H2O) and soda alum 
(NaAl(S04)2 12H2O) 

DOUBLE SULPHATES WITH CARBONATES OR CHLORIDES 

A number of compounds of sulphates with chlorides and carbonates 
are known, but of these only one is of any great economic importance 
Two others afford interesting crystals The commercial compound is 
kaimte, which is a hydrated combination of MgS04 and KCl, with 
the formula MgS04 KCl 3H2O The other two best known members 
of the group are leadhillile (PbS04 Pb(Pb 0 H) 2 (C 03)2 and hanksiie 
(aNaaCOs 9 Na 2 S 04 KCl) 

Kainite (MgS 04 KCl 3H2O) 

Kainite is found only in beds associated with halite and other deposits 
from saline waters It is rarely crystallized Crystals are monochnic 
(prismatic class), with a b c= 12186:1. 5863 and /9=85® 6'. They 
possess a pyramidal habit with oP(ooi) and ±P(iii)(iiT) predom- 
inatmg 

The mineral usually forms granular masses which are white, yellow, 
gray or red It is transparent, has a hardness of 2 and sp gr 2.13, 
and is easily soluble in water Its refractive indices for sodium hght are* 
«=I4948 and 7=1.5203 

When heated in a glass tube it yields water and HCl It is distm- 
guished from other soluble minerals by this reaction, and by the fact 
that It yields the test for sulphur, and colors the flame blue when its 
powder is mixed with CuO and heated before the blowpipe 
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Synthesis — Crystals have been produced by evaporating a solution 
of K2SO4 and MgSOi containing a great e\ccbs of MgCk 

Occurrence — Kainite occurs in the salt beds of Stassfurt, Germany, 
and of Kalusz in Galicia, and in the deposits of salt lakes and lagoons 
It also occurs as crusts on some of the lavas of Vesuvius 

Uses.— The mineral is utilized as a source of potassium in the manu- 
facture of potassium salts and fertilizers Large quantities are imported 
annually into the Umted States In 1912 the imports aggregated 
485,132 tons, valued at $2,399,761 


Hanksite (2Na2C03 9Na2SOt KCl) occurs almost exclusively in 
hexagonal prisms that are prismatic or tabular, 
or in double pyramids suggesting quartz crys- 
tals Their axial ratio is r . i 006 The com- 
monest crystals are bounded by oP(ciooi), 
Fig 143— Hanksite Crys- ooP(ioIo), P(ioTi) (Fig. 143) and 2P(202i), 
tal wii^ OOP, loTo (»), Qj. |.p(4045) Their cleavage is imperfect 
P^ioYi (0) and oP, 0001 |.q oP(oooi) The mineral is white or 

yellow Its hardness «= 2 and its specific 
gravity =256 It is soluble in water. Its refractive indices are 
<0=1 4807 and «=i 4614 It occurs at Borax Lake and Death Valley, 
Califorma, in the deposits of salt lakes 



LeadhilHte (PbS04 Pb(Pb0H)2(C08)2) occurs principally as 
crystals in the oxidized zones of lead and silver veins The crys- 
tals are monoclimc (prismatic class), and have an hexagonal habit. 
Their axial ratio is i 7515 : i : 2 2261. 18=89 ”32'. The principal 

forms observed on them are oP(ooi), oo'P(iio), 00 Pw (100), P(iii) 
and IP® (102) In the most common twins ooP(iio) is the twin- 
mng plane The mineral is white or yellow, green or gray, and it is 
transparent or translucent Its streak is colorless It is scctilc, has a 
hardness of 2 5 and a specific gravity of 6.35 Before the blowpipe it 
intumesces, turns yellow, and fuses easily (i $) Upon cooling it again 
becomes white It effervesces in HNO3 and leaves a white precipitate 
of PbS04 It reacts for sulphur and water It is found at Lea^ills, 
Scotland, and Mattock, England, associated with other ores of lead; 
at a lead mme near Iglesias, Sardinia, and at several silver-lead mines 
in Arizona. 
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THE CHROMATES 


The only chromate of importance, among minerals, is the lead salt of 
normal chromic acid, H2Cr04 There are several other chromates 
known, but they are basic salts and are rare All are lead compounds 
The normal salt, PbCr04, is known as crocoite Chromic acid is un- 
known, as It spontaneously breaks down into CrOs and water when set 
free from its salts Its best known compound is potassium chromate, 
K2Cr04 

Crocoite (PbCr 04 ) 


Crocoite is well characterized by its hyacinth-red color It is a lead 
chromate with PbO=68 9 per cent and Cr03=3i i per cent. 

Its crystallization is monoclimc 
(prismatic class) with a . b: c 
= 9603 : I . 9159 and (3=77® 33'- 
Its crystals, which are usually im- 
planted on the walls of cracks in 
rocks, are prismatic or columnar 
parallel to ooP(iio) Their pre- 
dominant forms are ooP(iio), 

-"P(iii), and various domes (Fig 
144), Their* cleavage is distinct 
parallel to ooP(iio) The angle 


iioAii’o=86® 19' The mineral 



Fig 144 —Crocoite Crystals with eoP, 
no (w), 00 P2, 120 (/), -P, III W, 
3PC0, 301 (»), Poo, Yoi (^), oP, 
001 (c), P «) , on (s), 2P M , 021 (y) 
and iP , 012 (w) 


also occurs in granular masses 
Crocoite is bright hyacinth-red, 
and IS translucent Its streak is 
orange-yellow The mineral is sec- 
tile Its fracture is conchoidal, its 
hardness 2.5-3 and density about 6 
is about 2 42. 

In the closed tube it decrepitates, and blackens, but it reassumes its 
red color when heated On charcoal it deflagrates and fuses easily, 

263 


Its intermediate refractive index 



254 


DESCRIPTIVE MINIORALO(;Y 


yielding metallic lead and a lead coating With miciocosmic salt it 
gives the green bead of chromium 

The mineral is easily lecognized by its color and the test for chro- 
mium 

Synthesis — Crystals, like those of crocoite, have been obtained by 
heating on the water bath a solution of lead nitrate m nitric acid and 
adding a dilute solution of potassium bichromate 

Occurrence — Crocoite occurs under conditions which suggest that it 
IS a product of pneumatolysis 

Localities — It is found m the Urals, at Rezbanya and Mokldwa, m 
Hungary, m Tasmania, and in the Vulture Mining district, Maricopa 
Co , Arizona. 

THE TUNGSTATES AND MOLYBDATES 

The tungstates are salts of tungstic acid, H2WO4 They are the 
principal sources of the metal tungsten which is beginning to have im- 
portant uses The molybdates are salts of molybdic acid, H2MoOt 
The two most prominent tungstates arc uheeUk, CaWOi, and ««>//- 
ramite (Fe Mn)W04, and the most prominent molybdate is ivulfemte, 
PbMo04 

All tungsten compounds give a blue bead with salt of phosphorus in 
the reducing flame When fused with Na2COa, dissolved in water 
and hydrochloiic acid, and treated with metallic zinc (see pp 482, and 
492 for details of test), they also yield a blue solution which rajiidly 
changes to brown 

The molybdates give with the salt of phosphorus bead in the oxidiz- 
ing flame a yellow-green color while hot, changing to colorless wlicn cold. 
In the reduang flame the color is clear green. 

SCHEELITE GROUP 

The scheelite group comprises a series of tungstates and molybdates 
of Ca, Cu and Pb The minerals arc tetragonal and hcmihedral and 
are all well crystallized The more important members of the group 
are scheelite and wulfemte Cuprotunphte is a 'Copper tungstate (CuW04) 
and stolzite a lead tungstate (PbW04) 

Scheelite (CaW 04 ) 

The formula of scheelite demands 80 6 per cent WO.i, and 194 per 
cent CaO, but the mineral usually contains a little molybdenum in 
place of some of the tungsten It nearly always contains also a little Fe. 
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Scheehte crystallizes m the tetragonal bipyranudal Hacc its cr3rs- 
tals are usually pyramidal, though often tabular in habit Their amal 
ratio is I I I 5268 On the pyramidal types the predominant planes 
are pyramids of the first, second (Fig 145), and tbrd orders and on the 
tabular types, in addition, the basal plane One of the most familiar 

combinations is P(iii), P 00 (loi), (313) and (131) (Fig 145). 

Other forms frequently found on its crystals are |P 00 (102) and iP °° 
(los) The angle iioaTii = 79 ° SSI' Twinnmg is common, both 
contact and penetration twins having ©o p oo (loo) as the twinning 
plane The mineral also occurs in reniform and granular masses 

Scheehte is white, yellow, brown, greenish or reddish, with a white 




Fig 145 — Sdicelitc CryoUl with V,iii P oo , loi (c) and oP, ooi (c). 

Fig 146 — Scheehte Crystal with 1 j and e as m Fig 145 Also f—l, 313 (h) and 

[^4 


streak and vitreous luster It has a distinct cleavage parallel to P(ooi), 
and an uneven fracture It is bnttle, has a hardness of 4 5-5 and a 
density of about 6, and is transparent or translucent It is soluble in 
HCl and HNO 3 with the production of a yellow powder, tungsten tri- 
oxide, which is soluble m ammonia Its refractive indices are €= i 9345, 
w = I 9185 for red light 

Before the blowpipe the mineral fuses to a semitransparent 
glass With borax it forms a transparent glass which becomes opaque 
on cooling With salt of phosphorus it yields tlie characteristic beads 
for tungsten, but specimens containmg iron must be heated with tin on 
charcoal before the blue color can be developed 

Scheehte is distinguished from hmestone, which its massive forms 
closely resemble, by its higher specific gravity and the absence of effer- 
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vescence with HCl From quartz it is distinguished by its softness and 
from hante by greater hardness and higher specific gravity 

Syntheses —Crystals of scheelite have been made by adding a solu- 
tion of sodium tungstate to a hot acid solution of CaCk, and by fusing 
the two compounds They have also been produced by fusing wolfram- 
ite with CaCb 

Occurrence and, Origin — Scheelite is found m gold-quartz veins 
and in veins cutting acid igneous rocks, where it is associated with 
cassiterite, topaz, fluorite, molybdenite, wolframite and many other 
metallic compounds, and as a contact metamorphic product in altered 
limestone intruded by granite It is probably m all cases a deposit 
from hot solutions 

Localities — It occurs at Zmnwald, Bohemia, Altenbeig, Saxony, 
Carrock Fells, Cumberland, England, Pitkaranta, Finland, in New 
Zealand, and m the United States at Monroe and Trumbull, Conn , in 
the Atolia District, Kern Co , California, the Mammoth Mining Dis- 
trict, Nevada, m Lake County, Colorado, near Gage, New Mexico, 
where it occurs with pyrite and galena in a vein cutting limestone, 
and m the placer gravels at Nome, Alaska 

Uses oj Tungsten — ^Tungsten is used piincipally in the manufacture 
of tool steel, electric furnaces and targets for Ronlgen rays It is 
employed also as filaments in electnc-light bulbs, in the manufacture 
of sodium tungstate which is used for fireproofing cloth, as a mordant 
in dyeing, and for a number of other minor purposes 

Production — Scheelite has been mined in small quantity m Idaho, 
Alaska, Califorma, Nevada, Arizona, and New Mexico, 'as a source of 
tungsten, but most of this element has heretofore been produced from 
other compounds, mainly wolframite In 1913 a few hundred tons of 
scheelite concentrates were produced m the Atolia district, California, 
and the Old Hat district, near Tucson, Ariz. At present (rgid) it is 
being produced m large quantity near Bishop, Inyo Co., Cal. 

Stolzite (PbW 04 ) is complefSly isomorphous with wulfenite. Its 
crystals, which are pyramidal or short columnar, are mainly combina- 
tions of ooP(iio), P(iii), 2P(22i) and oP(ooi) Their axial ratio is 
I . I 5606 

The mineral is gray, brown, green or red. It is translucent and 
has a white streak Its hardness is 2 75-3 and its sp. gr 7.87-8.23. 
Its refractive indices for yellow light w = 2 2685, € ==2 182 

Before the blowpipe it decrepitates and melts to a lustrous crystal- 
hne globule. The bead with microcosmic salt in the reducing flame 
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IS blue when cold, in the oxidizing flame it is colorless The mineral 
IS decomposed by HNO3 leaving a yellow residue ot WO3 Crystals 
have been made by fusing sodium tungstate and lead chloride 

Its principal localities are the tin-bearing veins at Zmnwald, Bo- 
hemia, the copper veins in Coquimbo, Chile, and Southampton, Mass , 
where it is associated with other lead compounds 

Wulfenite (PbMo04) 

Wulfemte is the only molybdate of importance that occurs as a 
mineral Its formula demands 39 3 M0O3 and 60 7 PbO Calcium 
sometimes replaces a part of the Pb and tungsten a part of the Mo. 

Wulfenite is hemihedral and hemimorphic (tetragonal pyramidal 
class) Its crystals are more frequently tabular than those of scheelite, 
and they are usually very thin 

The mineral, however, occurs also m pyramidal and prismatic crys- 
tals which, in some cases, exhibit distinct hemimorphism Their axial 


Fig 147 Fig 148 

Fig 147 —-Wulfenite Crystal with 00 P 00 , icx> (a) and 00 , 1 o 12 (^) 

Fig 148 — ^Wulfenite Crystal with oP, 001 (c), JPoo, 102 (7O, Poo, loi (e), 
P, III (?0 and JP, 1 13 (^) 

ratio IS a * <;=! . i 5777 The most common forms found on its crys- 
tals are oP(ooi), P(iii), j (320), fP(ii3) and Poo(ioi) (Fig 

147 and 148). The angle in A iii~8o® 22'. 

The cleavage, parallel to P, is very smooth, and the fracture is con- 
choidal The mineral is brittle Its hardness is about 3 and specific 
gravity about 6 8 Its luster is resinous or adamantine, and its color 
orange-yellow, olive-green, gray, brown, bright red or colorless Its 
streak is white and it is transparent For red light, 0=2 402, €= 2 304 
Before the blowpipe wulfenite decrepitates and fuses readily With 
salt of phosphorus it gives the molybdenum beads With soda on 
charcoal it yields a lead globule. When the powdered mineral is evap- 
orated with HCl molybdic oxide is formed On moistening this with 
water and adding metallic zinc an intense blue color is produced. 

Wulfenite is distinguished from lanadtmte (p 271), by crystalliza- 
tion, by the test for chlorine (vanadinite) and the test for tungsten. 
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Synthesis — ^Wulfenite crystals have been produced by melting 
together sodium molybdate and lead chloride 

Occurrence and Locakhes — ^The mineral occurs in the oxidized zone 
of veins of lead ores at some of the principal lead occurrences in Europe, 
and in the United States near Phoemwille, Pennsylvania, in the Organ 
Mountains, New Mexico, at the mines in Yuma County, Arizona, at 
the Mammoth Mine, in Pinal County in the same State, and at many 
other of the lead mines in the Rocky Mountain states 

Uses — Wulfemte is an important source of molybdenum, but, 
because of the few uses to which this metal is put, the amount of wulfen- 
ite mined annually is very small 

WOLFRAMITE GROUP 

Wolframite ((Fe Mn)WOi) 

Wolframite is the name given the isomorphous mixtiiie of the man- 
ganese and iron tungstates that occur neaily jiuie m some vanctics 
of the mineials huhnertte and ferhente 

The mixture of the non and manganese molecules is more common 
than either alone, consequent!} wolframite is the commonest member of 
the group. The properties of all three mmeials, howexcr, arc so nearly 
alike that they must be distinguished by thcniical analysis 

The name wolframite is usually applied to mixtures of the tungstates 
m which the proportion of Fc to hin xarics between 4 : i and 2 • 3, or 
between 9 5 per cent and 189 per cent of FeO and 14 pei cent and 
4 7 per cent of Mn02. 

It has recently been suggested that the name ferhente be limited 
to mixtures containing not more than 20 per cent of the hubnerite mole- 
cule and the name hubnerite to those containing not more than 20 per 
cent of the ferberite molecule This would leave the name wolframite 
for mixtures containing more than 20 per cent of both FCWO4 and 
MnW 04 

Analyses of specimens of hubnerite (I), wolframite (II and III) 
and ferberite (IV) follow 



WO3 

FeO 

MnO 

9 

0 

Other 

Total 

I Ellsworth, Nye Co , Nev 

74 88 

56 

2387 

.14 

16 

99 61 

II Sierra Cordoba, Argentine 

7486 

13 45 

11.02 

, 

I 22 

100 ss 

III Cabarrus Co , N C 

75 79 

19 80 

5-35 

•32 

tr 

101.26 

IV, Kimbosan, Japan 

7547 

24 33 


tr 

tr 

99.80 

All members of the group crystallize in 

the 

monoclinic 

system 


(prismatic class) with axial ratios as follows 
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Ferberile a.b 8229 i 8463 0=89® 38' 

Wolframite =8300 1.8678 1^=89° 38' 

Ilulmaite =8315 i 8651 ^ 8 ' 


The crystals are piismatic or cubic in habit and are bounded by 
ooP(iio), 00P60J100), and two 01 more of the following oP(ooi), 
00 P 06 (010), 00 Pi(2io), P h (on), -]P 66 (T02), - JP 66 (102), ~P(iii), 
-2P2(i2i) and +2P00 (102) (Fig 149) The 
angle 1 10 A iTo for ferberite = 78° 51', for wol VX 

framite 79° 23', and foi hubnente 79® 29' 

Twins are fairly common, with 00 P 06 (100) [ 

the twinning plane Cleavage is perfect ^ 

parallel to 00 P ^ (010) The minerals also I ^ “ z 
occur m lamellar and granular masses \ 

Hubnente is brownish red to black and \ 
translucent, wolframite is black and trans- 

lucent only on thin edges, and ferberite is —Wolframite Ciys- 

black and opaque. The streak is yellow to 00 pi, 210 (/), oopso 
yellowish brown in hubnente and brown or 100(11), -iPw, 102 (/), 

brownish black in ferbeiite, with the streak P^,oii (/), -2P2,i2i 

of wolframite between +iP'», 102 (y) and 

Wolframite is buttle, has a hardness of 
5-5 5, a specific gravity of 7 2-7 5, and a submetallic luster Before 
the blowpipe it fuses to a globule which is magnetic Fused with 
soda and niter on platinum it gives the bluish green manganate. The 
salt of phosphorus bead is reddish yellow when hot and a paler tint 
when cold. In the reducing flame the bead becomes dark red If 
the mineral is treated first on charcoal with tin its bead assumes a 


green color on cooling. The mmeral dissolves m aqua regia with 
the production of the yellow tungsten tnoxide When treated with 
concentrated H2SO1 and zinc it yields the blue tungsten reaction 

Crystals of wolfiamite are easily distinguished from aystallized 
coktmbiie (p 293), samarskite (p. 295), and wanimte (p 297), by dif- 
ferences m crystallization Massive wolframite is distinguished from 
massive forms of the other three minerals by its more perfect cleavage 
and by the reactions with the beads Uranimte, moreover, contains 
lead Wolframite is distinguished from black tourmahne (p. 434) by 
the differences in specific gravity. 

Occurrence and Origin —Wolframite usually occurs in veins with tin 
ores, and in quartz veins with various sulphides, and in pegmatite. 
Its origin IS probably pneumatolytic. 
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Locahkes —Wolframite is found m all tm-producmg districts, espe- 
cially at Zmnwald, Schneeberg and Freiberg, in Germany, at Ner- 
chinsk, in Siberia, m Cornwall, England, at Oruro, in Bolivia, and at 
various points in New South Wales, Australia 

In the United States it occurs at Monroe, Conn , near Mine La 
Motte, Missouri, near Lead, South Dakota, where it impregnates a 
sandy dolomite, and at Hill City in the same State m quartz veins, 
sometimes containing cassiterite, in Boulder Co , Colorado, m veins 
m granite (ferberite), neai Butte, Montana, in quaitz veins carry- 
ing silver ores (hubnerite), and the quartz-cassitcrite veins near Nome 
and on Bonanza Creek, in Alaska, and m quartz veins at various 
points m Washington, Idaho, California, Nevada, New Mexico and 
Arizona At some of these localities the mineral is more properly 
hubnerite 

One or another of the three has been mined in Colorado, Nevada, 
South Dakota, Montana, Washington, Califoima, Aiizona, and New 
Mexico, but the total production has never been laige Some of the 
ore shipped has been obtained from placers along streams that dram 
regions containing the mineral in veins, but most of it has been obtained 
from vein rock which is crushed and concentrated 

Uses — These three minerals constitute the princijial source of tung- 
sten used in the arts The uses of the metal are referred to under 
scheelite 

Prodmhon — ^The total production of concentrates containing 6o 
per cent WO3 in the United States during 1913 was 1,525 tons, valued 
at 1640,500. Of this, 953 tons were ferberite from Boulder Co., 
Colorado A little hubnerite was produced m the Arivica region, in 
southeast California, at Dragoon, Arizona, at Round Mountain, Nevada, 
and on Paterson Creek, Idaho. In addition, there were imported 
$86,000 worth of tungsten-beaiing ores and $143,800 worth of tung- 
sten metal and ferro-tungsten. The world’s production of tungsten ore 
m 1912 was 9,115 tons. 



CHAPTER XIV 


THE PHOSPHATES, ARSENATES AND VANADATES 

The phosphates are salts of phosphoric acid, H3PO4, the arsenates 
of the corresponding arsenic acid, H3ASO4, and the vanadates of the 
corresponding vanadic acid, H3VO4 The phosphates are by far the 
most important as minerals They are easily distinguished by yielding 
phosphine, H3P, upon igniting with metallic magnesium and moistemng 
the resulting Mg3P2 with H2O or HCl (Mg3P2+6HCl=3MgCl2+ 
2PH3) The gas is recognized by its disagreeable odor The arsenates 
are detected by the test for arsemc 

The arsenates, phosphates and vanadates form groups of isomor- 
phous compounds, the most important of which is the apatite group 
Those occurring as minerals are divisible into several subgroups, of 
which the following six contain common minerals, viz (i) anhydrous 
(a) normal salts, (b) basic salts and (c) acid salts, and ( 2 ) hydrous 
(a) normal salts, (b) basic salts and (c) acid salts 

A number of the phosphates and arsenates are of value commercially 
either because of the phosphorus they contain, because they are sources 
of valuable metallic salts, because they serve to indicate the presence 
of other valuable compounds, or because they possess an ornamental 
character 

Nearly all the phosphates are transparent or translucent and all are 
nonconductors of electricity or are very poor conductors, 

ANHYDROUS PHOSPHATES, ARSENATES AND 
VANADATES 

NORMAL PHOSPHATES, ARSENATES AND VANADATES 

The minerals belonging in this class of compounds are not as numer- 
ous as the basic salts, but some of them are of great value The class 
includes phosphates of yttrium, the alkalies, beryllium, cerium, mag- 
nesium, iron and manganese and a group of isomorphous phosphates, 
arsenates and vanadates — the apatite group — ^in which a haloid radicle 
replaces one of the hydrogen atoms of the acids Apat/ite^ the pnn- 
cipal member of the group, is an important source of phosphoric acid 
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Triphylite — (Li (Mn Fe)P04) — ^Lithiophilite 

Triphylite is the name usually applied to the isomorphous mixture 
of LiFeP04 and LiMnP04, m which the manganese molecule is present 
m small quantity only The mixture containing a large excess of the 
manganese molecule is called lithtophihte 

The pure triphylite molecule contains FeO=4S 5 per cent, L12O 
= 9 S per cent and P20-j=4S per cent The pure lithiophilite molecule 
consists of 45 I per cent hlnO, 9 6 per cent L12O and 45 3 per cent 
P2O5 

Both substances are orthorhombic (bipyramidal class), with an axial 
ratio approximatmg 4348 ’ i : 5265 Crystals are rare and not well 
developed They are usually rough prisms bounded by 00 P06 (010), 
oP(ooi), ooP(iio), ooP2(i2o) and 2P06 (021) The minerals usually 
occur massive, or in irregular, rounded crystals, with two very dis- 
tinct cleavages 

Both minerals are transparent to translucent, both have a white 
streak, and both are vitreous to resinous in lustci Then haidncss is 
about 4 5-5 and sp gr about 3 5 Triphylite is greenish gray to blue, 
and Uthiophilite pink, yellow or brown The rcfiactivc indices for 
light brown lithiophihte are 676, 679, 7=1 687, those for 

blue triphylite are a trifle higher 

When heated in closed tubes both compounds are apt to turn dark 
They fuse at a low temperature (i 5) and color the flame crimson In 
the case of triphylite the crimson streak is bordered by the green of iron. 
Lithiophihte gives the reactions for Mn Most specimens give reac- 
tions for all these metals — Fe, Mn and Li Both minerals are soluble 
inHCl 

The two minerals are distinguished from other compounds by their 
reactions for phosphorus and lithium, and from each other by the reac- 
tions for Fe and Mn 

Occurrence — ^They usually occur as primary constituents of coarse 
gramte veins They are associated with beryl, tourmaline and other 
pneumatolytic minerals and with secondary phosphates, which are 
presumably weathering products of the pnmary phosphates 

LocaUties — Both minerals occur at a number of points associated 
with other lithium compounds, espeaally spodumene (p 378) In this 
country tnphylite has been found at Peru, Maine, Grafton, New 
Hampshire, and Norwich, Massachusetts, hthiophihte at Bran^ville, 
Connecticut, and at Norway, Maine 

Neither of the minerals possesses a commercial value at present. 
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Beryllonite (NaBeP04) 

Beryllomte is a comparatively rare mineral occurring at only a few 
places and always in crystals or in crystalline grains 

Its composition is 24 4 per cent NaiO, 19 7 per cent BeO and 55 9 
per cent P2O5 

Its crystals are orthorhombic (bipyramidal class), with an axial 
ratio 5724 • I * S 40 O They are short pyramidal or tabular in habit, 
often exhibiting a pseudohexagonal symmetry. Most crystals are 
highly modified with oP(ooi), 00 P w (100), 00 P 06 (010), P 66 (loi) 
and 2P2(i2i), the principal forms Twins are common, with ©o P(iio) 
the twinning plane The crystal faces are frequently strongly etched 
The mineral is white to pale yellow’ It has a vitreous luster, 
except on oP(ooi), where the luster is sometimes pearly It possesses 
four cleavages, of which the most perfect is parallel to oP(ooi). That 
parallel to ©o P ^ (100) is distinct, but the others are indistinct Its 
hardness is 5 5-6 and its density 2 845 Its fracture is conchoidal 
Crystals often contain numerous inclusions of water and liquid CO2 
arranged m lines parallel to 6 Its refractive indices for yellow light 
are a:=i 5520, S 579 j 7==i S^oS 

Beiyllonite decrepitates and fuses in the blowpipe flame to a cloudy 
glass, at the same time imparting to the flame a yellow color It is 
slowly soluble in HCl, and gives the phosphorus reaction with mag- 
nesium 

It IS distinguished from most other colorless transparent minerals 
by the reaction for phosphorus, from other colorless phosphates by its 
crystallization and the sodium flame test 

Occurrence mid Localities —The best known occurrence of beryllo- 
mte m the United States is Stoneham, Maine, where it is found in the 
debris of a pegmatite dike associated with apatite (p 266), beryl (p. 359), 
and other common constituents of pegmatites It originally existed 
implanted on the walls of cavities in the pegmatite and was apparently 
the result of pneumatolytic processes 

Use , — ^The mmeral is used to some extent as a gem stone. 

Monazite ((Ce Di La)P04) 

Monazite is the principal source of certain rare earths that are used 
in manufacturing gas mantles Although it occurs as small grains and 
crystals in certain gramtes it is found in commeraal quantities only m 
the sands of streams. 
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The mineral is a phosphate of the metals cerium, lanthanum, praseo- 
didymium and neodidymium in most cases combined with the silicate of 
thonum Its composition may be represented by the formula 

x((Ce La Di)P04)+:y(ThSi04), 

in which the proportion of the second constituent varies from a trace to 
an amount yielding 20 per cent Th02 Since this is not constant in 
quantity it is not to be regarded as an essential portion pf the com- 
pound It is probable that in monazite we have to do with a solid 
solution of cerium and thorium phosphates, thonum silicate and oxides 
of the rare metals 

Monazite is monoclmic with a d : c= 9693 ‘ i : 9255 and 
76® 20' Crystals are usually pnsmatic with the pmacoids 00 P 56 (100), 
00 P Ob (010), the pnsm ooP(iio), the two domes -P66(ioi) and 
+Po6(ioY) and the pyramids — P(iii) and +P(iiY) They are 
often flattened parallel to the orthopinacoid 
(Fig 150) The angle 1 10 A iTo= 86® 34' 
Their cleavage is perfect parallel to oP 
The color of the mineral is gray, yellow, red- 
dish, brown or green It is usually transpar- 
ent or translucent and sometimes opaque It 
is brittle, has a white streak, and a resinous 
luster Its hardness is 5-5 5 and its sp gr 
4 3> varying with the proportion of thorium 

present The refractive indices for yellow 
light are a=i 7938, y = x 8452. 

The mineral is infusible Before the blow- 
pipe it turns gray, and when moistened with 
H2SO4 it colors the flame bluish green It is 
difficultly soluble in HCl and HNO3 Most specimens are strongly 
radioactive 

Synthesis — Crystals of monazite have not been prepared, but crys- 
tals of cerium phosphate similar to those of monazite have been made 
by heating to redness a mixture of cenum phosphate and cerium chloride 

Occurrence and Ortgtn — Monazite occurs as the constituent of cer- 
tain granites and gramtic schists in small crystals scattered among the 
other components In this form it is a separation from the granitic 
magma When the gramtes are broken down to sand by weathering 
the monazite is freed and because of its specific gravity it concentrates 
m stream channels 

Localities — Although the mineral is fairly widespread in the rocks, 



Fig. 150 — Monazite Crys- 
tal with 00 P w , 100 (<z), 
00 P, no (m)j 00 P2, 
120 («), 00 P w , 010 (J), 
—Pw, loi (re>), 4-P®, 
loT (a?) and P, iil (w) 
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It IS concentrated into commercial deposits at only a few places. The 
most important of these are in southeastern Brazil, in Norway, and in a 
belt 20 to 30 miles wide and 150 miles long extending along the east side 
of the Appalachian Mountains from North Carolina into South Carolina 

The mineral has also been reported from many pomts in ten coun- 
ties in Idaho Near Centerville it may be in sufficient quantity to be 
of commercial importance 

Freparahon — Monazit^ is separated from the valueless sand in 
which It is found, by washing, and the residues thus resulting are further 
concentrated by a magnetic process The commercial concentrates 
produced in this way usually contam from 3 to 9 per cent Th02, and 
their price varies accordingly 

Production and Uses — ^Monazite is the chief source of thorium oxide 
used in the manufacture of incandescent gas mantles Formerly it was 
produced in large quantity in the Carohnas, the production in 1909 
amounting to 542,000 lb , valued at $65,032, and in 1905 to 
1,352,418 lb , valued at $163,908. All of this was manufactured into 
the nitrate of thorium in this country and the amount made was 
not sufficient to meet the domestic demand. Consequently, large quan- 
tities of the nitrate were imported In 1910-11 mimng of the mineral 
m the Carohnas ceased and all the monazite needed has been imported 
since then The imports of thorium mtrate for 1912 were 117,485 lb , 
valued at $225,386 and of monazite, an amount valued at $47,334 

Xenotmie (YPO4) 

Xenotime, though essentially an 3d;trium phosphate, usually contains 
erbium and in some cases cerium. 

It occurs in tetragonal crystals 
and in rolled grains Its axicl 
ratio IS I 6177 3 .nd the angle 
1 1 1 A if I = 55° 30^ Its crystals 
are octahedral or prismatic and 
are bounded by 00 P(iio),P(iii), 
and in some cases by 00 P 00 (100) 
and 2P 00 (201) (Fig 151) Their 
cleavage is perfect paraUel to Fig 151 -XenotoeCryst^ with =oP iio 

T./ \ rrn 1 1. Ml ^ m (s)» aJld 00 Poo lOO (c) 

ooP(iio) The mineral IS brown, 

pink, gray or yellow Its streak is a pale shade of the same color. 
It IS opaque and brittle Its luster is vitreous or resmous, its hardness 
4-5 and specific gravity 45 Its indices of refraction are: e=i8i, 
72 
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Xenotime is infusible, insoluble in acids and with difficulty soluble 
in molten microcosmic salt It is distinguished from zircon by its 
cleavage and inferior hardness 

A vanety of xenotime contaimng a small percentage of sulphates is 
known as hussakite 

The mineral occurs in pegmatite veins, in granites and in the sands 
of streams It is found in pegmatite veins at Hittero, Moss, and other 
places in Norway, at Ytterby, Sweden, in the granites of Minas Geraes, 
Brazil, and in the gold washings at Clarksville, Georgia, and many places 
in North Carohna, and in pegmatite veins in Alexander County in the 
same State 


APATITE GROUP 


The apatite group consists of a number of phosphates, arsenates and 
vanadates in which fluorine or chlorine takes the place of the hydroxyl 
in basic compounds Thus, fluorapahte is Ca 4 (CaF)(P 04)3 and chlor- 
apatite Ca4(CaCl)(P04)3 The group contains a number of important 
minerals, of which apatite is by far the most valuable These minerals 
are isomorphous, all crystallizing in the hemihedral division of the hex- 
agonal system (hexagonal bipyramidal class) The names, composi- 
tions and axial ratios of the most important are as follows 


Flmrapatite 

CMorapatite 

Pyromorphite 

MimeMe 

Vanadmite 


Ca4(CaF)(P04)3 
Ca4(CaCl) (P04)3 
Pb4(PbCl)(P04)3 
Pb4(PbCl)(As04)3 
Pb4(PbCl)(V04)3 


a c^i 7346 
a c-ii 7346+ 
7293 

a.c^i: 7315 
a : : 7122 


Apatite (Ca4(Ca(F C1))(P04)3) 

Although fluorapatite and chlorapatite are distinct compounds with 
slightly different properties, nevertheless, because of the difficulty of 
discrimmatmg between them without analyses, the name apatite is 
commonly apphed to both This is justified because of the fact that the 
two compounds are completely isomorphous, and the mineral as it 
usually occurs is a mixture, of both The ideal molecules comprising 
the two varieties of apatite have the following compositions 

Fluorapatite CaO=sS5, F=3 8, P205=42 3 
Chlorapatite CaO=53 8, Cl=6 8, P20s==4i o 

Apatite is found in weU defined crystals, sometimes very large 
These have a holohedral habit, but etch figures on their basal planes 
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reveal the grade of symmetry of pyramidal hemihednsm The min- 
eral occurs also massive, m granular and fibrous aggregates and less 
commonly in globular forms and as crusts 

The crystals are usually columnar or tabular, with the hexagonal 
prism or pyramid well developed Although m some cases highly 
modified, most crystals contain only the oo P(iolo), P(ioTi) and oP(oooi) 
planes prominent, though ^P(ioT2) and 2P2(ii2i) are not uncommon as 
small faces (Figs 152 and 153) Their cleavage is indistinct, and their 
fracture often conchoidal 

Apatite may possess almost any color In a few cases the mineral is 
colorless or amethystine and transparent, but in most cases it is trans- 
lucent or opaque and white, green, bluish, brown or red Its streak is 



Fig 152. 



Fig 152 — Apatite Crystals with 00 P, loYo (w), P, loTi (r), oP, 0001 (c), JP, 
1012 (r) and 00 P2, 1120 (a) 

Fig 153 — Apatite Crystal with w, r and c as in Fig 152 and 2P, 2021 (y), 4PI, 
1341 (»), 3PJ, 1231 (ju), 2P2, H2i (j), P2, 1122 (a) and 00 P}, 1230 (A) 


white and its luster vitreous to resinous Its hardness is 4 5-5 and sp 
gr between 3 09 and 3 39 The refractive indices of fluorapatite for 
yellow light are 6j=i 6335, €=1.6316 and of chlorapatite, w=i 6667 
Many specimens are distinctly phosphorescent Nearly all fluoresce in 
yellowish green tints, and all are thermo-electric 

Apatite fuses with difliculty, tmgmg the flame reddish yellow The 
chlorapatite melts at 1530° and the fluorine variety at 1650° When 
moistened with H2SO4 all varieties color the flame pale blmsh green, 
due to the phosphoric acid Specimens contaimng chlorme give the 
brilliant blue color to the flame when fused in a bead of microcosmic 
salt that has been saturated with copper oxide Specimens containing 
fluorine etch glass when fused with this salt m an open glass tube 
The mineral also yields phosphine when ignited with magnesium, and 
It dissolves in HCl and HNO3 
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Apatite is much softer than beryl (p 359), which it closely resembles 
in appearance It is distinguished from calcite by lack of effervescence 
with acids and from other compounds by the phosphorus reaction 
The varieties of the mineral recogmzed by distinct names are 
Ordinary apatite^ crystals or granular masses 

Manganapatite, in which manganese partly replaces the Ca of ordi- 
nary apatite. This is dark bluish green 

Fibrous, conci eiionary apatite Known also as phosphorite 
Osteolite The earthy variety 

Phosphate rock, A mucture of apatite, phosphorite, several hydrous 
carbonates and phosphates of calcium, and fragments of bone and 
teeth It IS more properly a rock with a brecciated and concretionary 
structure The composition of t3^ical deposits xs represented by the 
followmg analysis of hard rock phosphate from South Carolina 

CaO P2O5 CO2 Fe203 AI2O3 MgO Insol Undet H2O Moist 
SO 08 38 84 6s 9 <^ 3 07 30 49 2 46 2 96 07 

Guano is a mixture of various phosphates, both hydrous and an- 
hydrous, calcite and a number of other compounds It is rather a rock 
than a mineral, as it has no definite composition 

Syntheses — Crystals of fluorapatite have been made by fusing 
sodium phosphate with CaF2 and by heating calaum phosphate with a 
mixture of KF and KCl 

Origin — ^The crystallized apatite was formed by direct separation 
from Igneous rock magmas and by pneumatolytic action upon limestone 
The phosphorite vanety and the phosphate in phosphate rock were 
probably produced by the solution of calcium phosphate and its later 
deposition from solution— the original phosphate having been furnished 
in many cases by the shells of mollusca, and by the action of phosphoric 
acid produced by the decay of organisms upon limestone In many 
cases phosphorite accumulated as a residual deposit in consequence of 
the solution of the calcite and dolomite from phosphatic limestone, 
leaving the less soluble phosphate as a mantle on the surface. 

Occurrence — ^The mineral occurs in microscopic crystals as a com- 
ponent of many rocks, as large crystals m metamorphosed limestones, 
as a component of many coarse-gramed veins, especially those composed 
of coarse gramte and those in which cassiterite, magnetite, tourmaline, 
and other pneumatolytic minerals are found At a number of places 
^Sgregates of apatite and magnetite or ilmemte occur in such large 
masses as to be worthy of being called rocks An impure apatite in 
concretionary and fibrous forms also occurs in thm beds covering large 
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areas. It is often mixed with other phosphates, with the bones and 
teeth of animals and with other impurities This is the well known 
phosphate rock or phosphorite 

Locahkes — Crystallized apatite is so widely spread that it is useless 
to mention its occurrences It is mmed at Kragero and near Bamle, 
in Norway, at various pomts in Ottawa County in Quebec, and in 
Frontenac, Lanark and Leeds Counties in Ontario, and at Mmeville, 
New York Rock phosphate is found in extensive beds on the west 
side of the peninsula of Florida, m South Carohna, North Carolina, 
Alabama, Tennessee, Wyommg, Idaho, Utah and Arkansas A mixture 
of apatite and ilmemte {nelsomte), occurs as dikes in Nelson and 
Roanoke Counties, Virginia 

Uses — ^The principal use of apatite and phosphate rock is in the 
manufacture of fertilizers The rock (or crushed apatite) is treated 
with H2SO4 to make an acid phosphate which is soluble m water Am- 
monia or potash, or both, are added to the mass and the compound is 
sold as a superphosphate. The purest varieties are treated with H2SO4 
in sufficient quantity to entirely decompose them, CaS04 and H3PO4 
being formed The latter is drawn off and nuxed wnth additional high- 
grade rock and the mixture is known as concentrated phosphate Super- 
phosphates are manufactured m large quantities in the Umted States 
and the concentrated phosphates m Europe Unfortunately, for the 
latter use the best grades of apatite or rock phosphate are required, and 
consequently the best grades of rock produced in the Umted States are 
exported and thus lost to American farmers 

Production —The world's production of apatite and phosphate rock 
during 1912 was as follows* 


United States 3,020,905 tons, valued at $11,675,774 

Tunis 2,050,200 tons, valued at 7,500,000 

Christmas Island IS94S9 tons, valued at 2,024,036 

France 3I3 jISi tons, valued at 1,169,400 

Algeria 207,111 tons, valued at 759455 

Belgium 203,110 tons, valued at 3 i 6 j 703 

Other countries 65,000 tons, valued at 280,000 

For the Umted States production of 1912 the statistics are: 

Florida 2,407,000 tons, valued at $9,461,000 

Tennessee 423,300 tons, valued at 1,640,500 

South Carolina 131,500 tons, valued at 524,700 

Other States 11,600 tons, valued at 49,200 
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The total production was 3,020,905 tons, valued at $11,675,77400, 
of which 1,206,520 tons, valued at $8,996,45600 were exported Par- 
tially offsetting this, there were imported guano, apatite and other phos- 
phates to the value of about $2,000 000. 

Pyromorphite (Pb 4 (PbCl)(P 04 ) 3 ) 

In composition pyromorphite is PbO, 82 2 per cent, P2O5, 15 7 per 
cent and Cl, 2 6 per cent, but there are usually present also CaO and 
AS2O5 

The mineral is completely isomorphous with apatite Its crystals 
are smaller and simpler than those of apatite, but they have the same 
habit Their axial ratio is a c=i * 7293 This increases to i : 7354 
in varieties containing calcium 

Crystals are often rounded into barrel-shaped forms, and frequently 
are mere skeletons Tapering groups of slender crystals in parallel 
growths are also common Their cleavage is parallel to the co P(iio) 
faces, and their fracture is feebly conchoidal. The mineral also occurs 
in globular, granular and fibrous masses 

Pyromorphite is translucent It is brittle, has a hardness of 3 5-4 
and a density of about 7 Its luster is resinous and color usually green, 
yellow, browm or orange Some varieties are gray or milk-white Its 
streak is white Its refractive indices foi yellow hght are: co=2 0614, 
€=2 0494 The mineral is distinctly thermo-electric. 

When heated in the closed tube pyromorphite giv^’es a white subli- 
mate of lead chloride It fuses easily, coloring the flame bluish green 
When heated on charcoal it melts to a globule, which crystallizes on 
coohng and yields a coating which is yellow (PbO) near the assay and 
white (PbCk), at a greater distance from it. When fused with Na2C03 
on charcoal a globule of lead results The mineral also gives the Cl and 
P reactions The mineral is soluble in HNO3 

Pyromorphite is recognized by its form, high specific gravity and its 
action when heated on charcoal 

Synthesis , — Crystals have been obtained by fusing sodium phosphate 
with PbCb- 

Occurrence— Tht mineral occurs principally m veins with other lead 
ores, especially in the zone of weathering It also exists in pseudomorphs 
after galena. 

Localities — ^It is found m all lead-producing regions, especially in 
the upper portions of vems It occurs m particularly good specimens 
at Pribram, Bohemia, at Ems, in Nassau, in Cornwall, Devon, Derby- 
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shire and Cumberland, England, at Phoemwnlle, Pennsylvania, and 
at various other points in the Appalachian region 

Ui^es — P>romorphite alone possesses no commercial value, but it 
is mined with other compounds of lead as an ore of this metal 


Mimetite (Pb 4 (PbCl)(As 04 ) 3 ) 

Mimetite, or mimetesite, resembles pyromorphite in its crystals and 
general appearance, and many of its properties Its color, however, is 
lighter and its density slightly greater It occurs in crystals, m fila- 
ments, and in concretionary masses and crusts Its axial ratio is 
I 7315 and its refractive indices for yellow light are w=2 1443, ^ 
= 2 1286 

The formula for mimetite demands 74 9 per cent PbO, 23 2 per cent 
AS2O5 and 2 4 Cl Usually a portion of the lead is replaced by CaO and 
a portion of the As by P 

Mimetite fuses more easily than p3rromorphite It differs from this 
mineral in yielding arsemcal fumes when heated on charcoal More- 
over, when heated m a closed tube with a fragment of charcoal it coats 
the walls of the tube with metallic arsenic 

Occurrence and Locahkes — It occurs with other lead minerals m 
veins, usually coating them either as crusts or as a senes of small crys- 
tals It IS found at Phoenix ville, Pennsylvania, in Cornwall, England, 
at Johanngeorgenstadt, in Germany, at Nerchinsk, Siberia, at Lang- 
ban, in Sweden, and at a number of other places It is, however, not 
as common as the corresponding phosphorus compound 

Uses — It IS mined with other compounds as an ore of lead. 

Vanadinite (Pb 4 {PbCl)(V 04))3 

Vanadimte is the most widely distributed of all the vanadium min- 
erals It usually occurs m small bnght red pnsmatic crystals implanted 
on other minerals, or on the walls of crevices in rocks It is one of the 
sources of vanadium 

Its theoretical composition is as follows PbO =78 7 per cent, 
V205 =i 9 4 per cent and Cl=2 g per cent, but phosphorus and arsemc 
are often also present When arsenic and vanadium are present in 
nearly equal quantities the mineral is known as endlichite. 

Its crystals are hexagonal pnsms and pyramids bounded by 
ooP(ioIo), oP(oooi), ooP2(ii2o\ P(ioTi) and other forms, with an 
axial ratio i : .7122 (Fig 154). Often the crystals have hollow faces 
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(Fig 155) Frequently they are grouped into pyramids like those of 
pyromorphite The mineral occurs also in globules and crusts 

Vanadimte is brittle, has a hardness of about 3 and a specific gravity 
of about 7 Its fracture is conchoidal Its luster is adamantine or 
resinous and its color ruby red, brownish yellow or reddish brown 
Its streak is white or light yellow The mineral is translucent 
or opaque Its refractive indices for yellow light are ^=2354, 
€= 2 299 

In the closed tube vanadimte decrepitates It fuses easily on char- 
coal to a black lustrous mass which is reduced on being further heated 
in the reducing flame to a globule of lead A white sublimate of PbCk 
also coats the charcoal The mineral, moreover, gives the flame test 




Fig 154 



Fig 155 


Fig. 154 — Vanadimte Crystal with ©op, loTo (w), oP, 0001 (c), P, loTi (a?), and 

4 - [~], 2131 («) 

Fig 15s —Skeleton Crystal of Vanadimte 


for chlorine with copper After complete o'siidation of the lead by heat- 
mg m the oxidizing flame on charcoal the residue gives an emerald-green 
bead m the reducing flame with microcosmic salt and this turns to a 
light yellow in the oxidizing flame The mineral is soluble in hydro- 
chloric acid. If to the solution a little hydrogen peroxide is added it 
will turn brown The addition of metallic tin to this will cause it to 
turn blue, green and lavender in succession, in consequence of the reduc- 
tion of the vanadium compounds 

Vanadimte is easily distinguished from most other minerals by its 
color, It IS distmguished from other compounds of the same color by 
Its crystallization and by the reactions for vanadium 

Occurrence -— occurs pnncipally in regions of volcanic 
rocks It IS probably a result of pneumatolytic processes 

Localities — Crystals are found at Zimapan, Mexico, Wanlockhead, 
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England, Undenas, Sweden, in the Sierra de Cordoba, Argentine, and in 
the mining districts of Arizona and New Mexico 

Uses — Vanadmite is an important source of vanadium, which is 
employed in the manufacture of certain grades of steel and bronze 
Its compounds are, moreover, used as pigments and mordants Most 
of the vanadium compounds produced in this country are obtained from 
other vanadium minerals, among them patromte — a mixture, of which 
the principal component is a sulphide (VS4) — and carnotite (p 290), 
but vanadmite has been used abroad and also to a small extent in the 
United States 


WAGNERITE GROUP 

This group, in chemical composition, is analogous to the apatite 
group It includes a number of phosphates and arsenates containing a 
fluoride radical The group is monoclimc (prismatic class), with an 
axial ratio which is approximately i 9 . i 15, with iS=7i° 50' None 
of Its members are important The two most common ones are wag- 
nente (Mg(MgF)P04), and tnpUte (Fe Mn) ((Fe Mn)F)P04 

Wagnerite occurs m massive forms and m large rough crystals, with 
imperfect cleavages parallel to ©o P ^ (100) and ©o P(iio) Its crystals 
have an axial ratio of i 9145 • i . i 5059 TMth 53' They are 

often very complex The mineral is bnttle Its fracture is uneven 
Its hardness is 5 5 and densit}' 3 09 Its color is yellow, gray, pink or 
green It is vitreous, translucent and has a white streak Its refractive 
indices are 569, i0=i 570, 7 = 1 582 It fuses to a greenish gray 
glass and gives the usual reactions for fluorine and phosphoric acid It 
IS soluble m HCl and HNO3, and heated with H2SO4 it yields hydro- 
fluoric acid It occurs m good crystals near Werfen, Austria, and in 
coarse crystals near Bamle, Norway. 

Triplite IS an isomorphous mixture of Fe(FeF)P04 and Mn(MnF)P04 
It usually occurs massive, but is found in a few places in rough crystals 
The mineral is dark brown or nearly black, is translucent to opaque, 
and has a yellowish gra}^ or brown streak It possesses two unequal 
cleavages perpendicular to one another and a weakly conchoidal frac- 
ture Its hardness is 4-5 5 and specific gravity about 3 9 Its luster is 
resinous. Its intermediate refractive index is i 660 

Before the blowpipe tnplite fuses easily (i 5) to a black magnetic 
globule It reacts for Mn, Fe, F, and P2O5 It is soluble in HCl and 
evolves hydrofluoric acid with H2SO4 It is found m coarse granite 
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veins at Limoges, France, Helsingfors, Finland, Stoneham, Maine, 
and Branchville, Connecticut In all of its occurrences it appears to 
be pneumatolytic 

BASIC PHOSPHATES AND ARSENATES 

The basic phosphates are those in which there is more metal present 
than sufficient to replace the three hydrogen atoms m the normal acid, 
H3PO4 This IS due to the replacement of one or more of the hydrogen 
atoms by a group of atoms consisting of a metal and hydroxyl (OH) 
All yield water when heated in the closed tube 

The pnncipal basic phosphates are amblygomte, a source of lithium 
compounds, dufremte and lazidtte, neither of which is of economic im- 
portance, and hbethemte, a copper compoimd which occurs in compara- 
tively small quantities with other copper ores, and is mined with 
them 

Ohvenite is a basic copper arsenate corresponding to the phosphate 
libethemte 


Amblygonite (Li(Al(F 0H))P04) 

Amblygomte is an isomorphous mixture of the two compounds 
(A1 F)LiP 04 and (A 10 H)LiP 04 It is an important source of lithium 

The composition of the fluorine molecule is Al203=34 4 per cent, 
Li02=io I per cent and P205=47 9 per cent, making a total of 105 3 
per cent from which deducting 5 3 per cent ( 0 == 2F), leaves 100 Nearly 
always a portion of the F is replaced by OH and a part of the Li 
by Na The pure Na(A10H)P04 is known as fremonkte^ and the pure 
Li(A10H)P04 as fnontebrastte 

The analysis of a specimen from Pala, Califorma, gave: 

PaOe AlsOs FesOs MnO MgO LiaO NaaO HsO 0»»P Total 

4883 3370 12 09 31 988 14 S9S 2 29 **10131 -96 = 1004s 

The mineral forms large, ill-defined tridinic aystals (Fig 156), and 
compact masses ■with a columnar cleavage Crystals are very rare, and 
are poorly de\’eloped Then: aidal ratio is .7334 : i : 7633. The 
cleavage pieces often diow polysjmthetic twinning lamellae parallel to 
TP' S) (loi) and /P/ 06 (Toi). 

The cleavage of the mineral is perfect parallel to oP(ooi) Its 
fracture is uneven It is brittle, has a hardness of 6 and a density of 
3 03. Its color IS white, gray, or a very light tint of blue, pmk or 
yellow Its luster is vitreous, except on oP where it is pearly. Its 
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streak is white and it is translucent Its refractive indices for yellow 
light are a=i 579, / 3 =i 593, t=i S 97 

In the closed tube at high temperature it yields water which reacts 
acid and corrodes glass It fuses easily to an 
opaque white enamel It colors the flame red 
with a slight fringe of green When moistened 
with H2SO4 It tinges the flame bluish green 
When finely powdered it dissolves readily m 
H2SO4 and with diflSculty in HCl 

Amblygomte resembles in appearance many 
other minerals, especially spodumene (p 378), 
and some forms of barite, feldspar, dolomite, etc 
From spodumene it is distinguished by the phos- 
phorus reaction and the acid water, from the 
others by its easy fusibility 

Occurrence — ^Amblygomte is found in gramte 
and in pegmatite veins associated with other 
lithium compounds, tourmaline, cassitente and 
other mmerals of pneumatolytic origin In all cases it also is probably 
a result of pneumatolytic action associated with the last phases of gramte 
intrusions 

Localities — ^The mineral occurs near Pemg, in Saxony, at Arendal, 
in Norway, at Montebras, France, at Hebron, Pans and Peru, Maine, 
at Branchville, Conn , at Pala, in Calif orma, and near Keystone, m 
the Black Hills, South Dakota 

Uses and Production — ^The mineral is the pnncipal source of hthium 
compounds in the Umted States. It is used in the manufacture of 
L1CO3, which IS employed as a medicine, in making mmeral waters, m 
photography and in pyrotechmcs 

It has been mined in South Dakota and in Califorma to the extent 
of a couple of thousand tons, valued perhaps at $20,000. 


Fig 156 — Amblygomte 
Crystal with 00 P 55 , 
100 (fl), oP, 001 (c), 
00 'p, iio (A/), csop', 
no (ot), w]P'2, 120 
(c), /PyM, Yoi {h) 
and 2'P 00 , 021 (e) 


Dufrenite (Fe 2 ( 0 H) 3 P 04 ) 

Dufrenite, or kraunte, is a basic iron phosphate containing 62 per 
cent FesOs, 27 $ per cent PaOs and 10 5 per cent water It may be 
regarded as a normal phosphate in which one H atom of H3PO4 has been 
replaced by the Fe(0H)2 group and two by the group Fe(OH), thus 

HO— Fe=P 04 — Fe<(^Q® 

It forms small orthorhombic crystals with a cubic habit that are rare 
Their axial ratio is .3734 : i : .4262. It usually occurs massive, in 
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nodules, or in fibrous radiating aggregates The same substance is 
belie\ ed to occur also m the colloidal condition under the name ddvauxik 
The color of dufremte vanes from leek-green to dark green, which 
alters on exposure to yellow and brown It is translucent to opaque, 
has a ligh t green streak and is strongly pleochroic Its hardness is 
3 5-4 and specific gravity about 3 3 

In the closed tube it yields water and whitens It fuses easily, color- 
ing the flame blmsh green and yielding a magnetic globule It is sol- 
uble in HCl and m dilute H2SO4 

It is recognized by its color and the presence in it of water, phos- 
phorus and iron 

Localities and Origin— The mineral has been observed at several 
pomts m Europe, at Allentown, New Jersey, and in Rockbridge County, 
Vir ginia It IS thought to be produced by the weathering of other fer- 
ruginous phosphates 




Lazulite ((Mg Fe)(A 10 H) 2 (P 04 ) 2 ) 

Lazulite is essentially an isomorphous mixture of the two com- 
pounds Mg(A10H)2(P04)2 and Fe(A10H)2(POi)2 There is also fre- 
quently present in it a httle calcium 
When the proportion of the two 
molecules present is as 2 . i the com- 
position becomes FeO=7 7, MgO 
= 85, Al203=32 6, P20s=4S 4 and 
H20=s8 

The mineral occurs in blue pyram- 
idal crystals that are monodimc 
(pnsmatic class), with the axial ratio 
= 9750 "1*1 6483 and ^=89° 14' 
The predominant forms are -|-P(iii), 
Fig 157 —Lazulite Crystals A with — P(iii) and— P « (ioi)(Fig IS 7 - 4 ) 
-P, HI {p) -l-P, iiT (e) and P55 , xhe angle in A iTr=79®4o' Twins 
101 W B IS the sme rombmation ^re not common Those most fre- 
twinned about oo p oo (loo) with or r j ^ t i . 

(001) the composition face found are twinned about r 

as the twinning axis (Fig 1S7B) 
It is found also massive and in granular aggregates 

The cleavage of lazulite is not distinct Its fracture is uneven It 
is brittle, has a vitreous luster, is translucent or opaque, has an azure 
color and a white streak Its hardness is 5 or 6 and its specific gravity 
about 3 I Translucent crystals are strongly pleochroic in deep blue 
and greemshblue tints — the former when viewed along the vertical 
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axis Their indices of refraction for yellow hght are a— i 603, /?= i 632, 
7=1 639 

In ihe closed tube lazulite swells, whitens and yields water When 
heated in the blowpipe flame it whitens, falls to pieces and colors the 
flame bluish green The white pow^der moistened with Co(N03)2 and 
reheated regains its blue color. When moistened with H2SO4 and 
heated in the blowpipe flame it imparts to it a green blue color It is 
infusible and is unacted upon by acids 

Lazulite, when massive, closely resembles in appearance massive 
forms of some vaneties of sodahte^ hauymte and lazunte (p 333) The 
latter, however, are soluble m HCl. Moreover, none of them contains 
phosphorus 

Occurrence — ^The mineral occurs m quartz veins in sandstones and 
slates and is usually a product of metamorphism It is sometimes, how- 
ever, found in serpentine rocks, with corundum, m which case it may be 
original 

Localtkes — Good crystals occur at Kneglach, in Styna, at Horrs- 
joberg, in Sw’’eden, and in the Umted States at Crowder's Mountain, 
North Carohna, and on Graves Mountain m Georgia* 


OLIVENITE GROUP 


The olivenite group includes a number of basic copper, lead and 
zinc compounds of the general formula R"2(OH)R'"04 in which R" 
= Cu, Zn, Pb and R"'=As, P, V The group is 
orthorhombic (bipyraimdal class), with axial ratios 
approximating 95 . i 70 The most important 
members of the group are the two copper min- 
erals, ohvemte, Cu(CuOH) As04 and libethenite, 

Cu(Cu 0 H)P 04 




Olivenite occurs in fibrous, globular, lamellar, 
granular and earthy masses and in prismatic and 
acicular crystals bounded by 00 P(iio), 00 P ^ (100), 

00 P 06 (010), P 06 (on) and P 06 (loi) (Fig 158) 

Their axial ratio is 9396 i . 6726 and the angle 
1 10 A iTo= 86® 26'. Their cleavage is poor. 

The mineral is some shade of green, brown, 
yellow or grayish white and its streak is olive-green 
in greemsh vaneties. It is transparent to opaque, is brittle, has a 
hardness=3, and a specific gravity =4.3. Its refractive indices for 


Fig 158 — Ohvemte 
Ciystal with 00 P S , 
100 (a), 00 P, no 
(w), 00 Poo ,010(6), 
Poo, on (e) and 
P w , lOI (») 
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yellow light are about i 83. Its luster is usually vitreous Fibrous 
vaneties are sometimes known as wood-copper 

Olivemte fuses easily (2) to a mass that appears crystalline on cooling 
It gives the usual reactions for H2O, Cu, and As It is soluble in acids 
and in ammoma 

It IS assoaated with other copper compounds in some copper ores 
Its ongin IS secondary m all cases It occurs in the Tintic district, 
Utah, and m many copper veins in Europe and in South America 

Libethenite occurs in compact or globular masses and in small 
crystals that resemble those of olivemte Their axial ratio is 9605 : 

1 7019 and no A 110=87° 40' 

The mineral is brittle Its fracture is indistinctly conchoidal Its 
color is dark ohve-green and its streak a lighter shade It is translucent 
or transparent and has a resinous luster Its hardness =4 and sp gr 
=37. Its intermediate refractive index for yellow light is i 743 

When heated in the closed tube it yields water and blackens It is 
easily fusible (2) It yields the usual reaction for Cu and P, and is sol- 
uble m aads and m ammoma It is distmgmshed from ohvemte by the 
reaction for phosphorus 

It occurs at many of the localities for ohvemte, where, like this imn- 
eral, it is a decomposition product of other copper compounds. 


Herderite (CaBe( 0 H*F)P 04 ) 

Herdente is an isomorphous mixture of the two phosphates, CaBeFP04 
and CaBe(OH)P04. The latter molecule occurs in nature as hydro- 
herdertte^ the former occurs only in mixtures The theoretical compo- 
sition of the fluonne (I) and hydroxyl (II) molecules and of transparent 
crystals from Stoneham (III), and Pans (IV), Maine, are given below 


BeO 

CuO 

PaOs 

F 

H2O 

Ins. 

Total 
(less 0 =F) 

I- 15 39 

34 33 

43 S 3 

II 64 

. 

. 

100 

II- IS 53 

34 78 

44 10 


S S 9 

. 

100 

m. IS SI 

33 67 

43 74 

5 27 

3 70 


99 67 

rv. 16 13 

34 04 

44 OS 

5 8S 


44 

100 SI 

The mineral is found only 

in aystals, which 

are monoclmic, with 


a:h: c=.63oi : i : .4274 and i8=89° 54'. Then habit is hexagonal, 
pyramidal or short prismatic, elongated m the direction of a 
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Herderite is colorless or light yellow, transparent or translucent 
Its refractive indices are a= i 592, 1 612, y= 1 621 

Its density is about 3, diminishing, as the amount of hydroxyl in- 
creases, to 2 952 in the pure hydroherdente 

Before the blowpipe herderite first phosphoresces with an orange- 
yellow light, then fuses to a white enamel, colors the flame red and yields 
fluorine In the closed glass tube most specimens yield an acid water, 
which, when strongly heated, evolves fluorine that etches the glass 
The mineral also reacts for phosphorus with magnesium nbbon It is 
slowly soluble in HCl 

Occurrence j Origin and Uses — ^Herderite occurs in pegmatite dikes 
at Stoneham, Hebron, and other places in Marne, and at the tin mines of 
Ehrenfriedersdorf, Saxony, in all of these places it is apparently of 
pneumatolytic origin The material from Maine is used to a small 
extent as a gem stone 


ACm PHOSPHATES 

Acid phosphates are those in which all of the hydrogen atoms of the 
acids have not been replaced by metals or by basic radicals Theoret- 
ically, they contain replaceable hydrogen atoms There are 12 or 15 
minerals that are thought to belong to this class, but the composition 
of many of them is very obscure Most of them appear to be hydrated 
The only important mineral that may belong to the class is the popular 
gem stone, turquoise. This, according to the best analyses, contains its 
components in the proportions indicated by the formula CuO, 3AI2O3, 
2P2O6, 9H2O, which may be interpreted as (Cu0H)(Al(0H)2)6H5(P04)4. 
which IS 4(H3P04), in which 6 hydrogen atoms are replaced by 6A1(0H)2 
groups and one by the group CuOH. 

Turquoise ((Cu 0 H)(Al( 0 H) 2 ) 6 H 5 (P 04 ) 4 ) 

Turquoise is apparently a definite compound of the formula mdicated 
above, which requires 34 12 per cent P2O5, 36 84 per cent AI2O3, 9 57 
per cent CuO and 19 47 per cent H2O Analysis of a crystallized variety 
from Lynch, Campbell Co , Virginia, gave 

P2O5 AI2O3 Fe203 CuO H2O Total 
34 13 36 50 21 9 00 20 12 99 96 

Most specimens, however, have not as simple a composition as this 
They are probably isomorphous mixtures of unidentified phosphates. 
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The mineral as usually found is apparently an amorphous or cryp- 
tocrystalline, translucent or opaque material with a wa\y lustei and a 
sky-blue, green or greenish gray color Material recently found at 
Lynch, Virgima, however, occurs in minute tnclmic crystals with an 
axial ratio 7910 . i 6051, with 01=87° 02', / 3 = 86° 29', and 7=72° 19' 
Their habit is pyramidal with 00 Poo (100), 00 P 06 (010), 00 'P(iTo), 
ooP'(iio) and P 00 (oTi) 

The fracture of turquoise is conchoidaL It has a hardness of 5-6 
and a specific gravity between 261 and 2 89 It is brittle, and has cleav- 
ages in two directions. The determined refractive indices of the Vir- 
gima crystals are: q!=i.6i, 7= 1.65 

In the closed tube the mineral decrepitates, yields water and turns 
black or brown It is infusible, but it assumes a glassy appearance when 
heated before the blowrpipe and colors the flame green. When moistened 
with HCl and agam heated the flame is tinged with the azure blue of 
copper chloride The mineral reacts for copper and phosphoric acid 
Some specimens dissolve m HCl, but the crystallized material from Vir- 
ginia IS insoluble until after it is strongly ignited It partly dissolves 
in KOH, With, the production of a brown residue of a copper compound 

Occurrence — ^Turquoise occurs in thin veins cutting through certain 
decomposed volcamc rocks and other rocks in contact with them, 
and in grains disseminated through them, in stalactites, globular 
masses and crusts It is probably an alteration product of other com- 
pounds 

Localities — ^Turquoise is found in narrow veins and irregular masses 
m the brecciated portions of acid volcanic rocks and the surrounding clay 
slates, near Nishipur, in Persia, in the Megara Valley, Sinai, and near 
Samarkand, in Turkestan In all these places the mineral is of gem 
quahty and until recently nearly all the gem turquoise came from them 
Within late years gem turquoise has been discovered in the Cerillo Moun- 
tains, near Santa Fe, New Mexico, where it has been mined in consid- 
erable quantity The locality is the site of an ancient mine which was 
w^orked by the Mexicans It is also found and mined in the Burro 
Mountains, Grant County, m the same State, near Millers, and at other 
points in Nevada and near Mineral Park, Mohave County, Arizona, 
where also the ancient Mexicans once had mines At La Jara, Conejos 
County, Colorado, old mines have likewise been opened up and are now 
yielding gem material 

Uses —The only use of turquoise is as a gem stone Though much 
of the American mmeral is pale or green, some of it is of as fine color as 
the Oriental stone A favorite method of using the stone is in its 
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matrix Small pieces of the rock with its included turquoise are pol- 
ished and sold under the name of turquoise matrix 

Produchon — The total value of the turquoise and turquoise msitnx 
produced in the United States during 1911 was $44,751 This weighed 
about 4,363 pounds In several previous years the production reached 
about $150,000, but in 1912 it was valued at only $10,140 

HYDROUS PHOSPHATES AND ARSENATES 
HYDRATED NORMAL PHOSPHATES AND ARSENATES 

Of the hydrous salts of orthophosphonc and orthoarsenic acids there 
are two which are of some importance because they are fairly common, 
a third which is utilized in jewelry, and a fourth that is important as an 
indicator of the presence of an ore of cobalt. The first two are imanite 
and scorodtle, a phosphate and an arsenate of iron, the third is mmoite, 
an aluminium phosphate, and the fourth is erythnte, an arsenate of 
cobalt A dimorph of vanscite, known as lucinite^ is rare All give 
water in the closed tube and yield phosphme when fused with magne- 
sium and moistened with water 

VIVIANITE GROUP 

The only important group of the hydrated orthophosphates and 
orthoarsenates is that of which vivmnite and erythrite are members. 
The general formula of the group is R"3(R'"04)2 8H2O m which R" 
=Fe, Co Ni, Zn and Mg, and R'"=P or As Although some members 
have not been found in measurable crystals, crystals of all have been 
made in the laboratory, so that there is little doubt of their isomorphism. 
All are monoclinic prismatic with axial ratios of about 75 ‘ i : 70 and 
^ about 74° The group is as follows 

Bohentej Mg3(P04)2 8H2O Erythrite, Co^{A.%0^2 8H2O 

Eornes^te, Mg3(As04)2 8H2O Ammhergite, Nis(As04)2 8H2O 
Vvoiamte, Fe3(P04)2 8H2O Cabrente, (Ni Mg)3(As04)2 8H2O 

Symplestte, Fe 3 (As 04)2 8H2O Kothgite, Zn3(As04)2 8H2O 

Only viviamte, erythrite and annabergite are described 
Vivianite (Fe3(P04)2 8H2O) 

Viviamte is a common phosphate of iron It occurs not only in dis- 
tinct crystals but also as bluish green stains on other minerals, and as 
an invisible constituent of certain iron ores, thereby dimimshmg their 
value. 
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Its formula indicates the presence of 43 per cent FeO, 28 3 per cent 
P2O5 and 28 7 per cent H2O 

Vivianite crystals are monochnic (prismatic class), usually with a 
prismatic habit Their axial ratio is 7498 .1 7015, and iS=75° 34' 

The principal forms observed on them are 00 P co (100), 00 P ^ (010), 
ooP(iro), ooP3(3io), Pw(ioi), P(iii) and oP(ooi) The angle 
iioAi'io=7i° 58' The mineral also occurs in stellate groups, in glob- 
ular, fibrous and earthy masses and as crusts coating other compounds 
Its cleavage is perfect parallel to 00 P ^ (010) It is flexible in 
thm sphnters and sectile. The fresh, pure mmeral is colorless and trans- 
parent, but specimens usually seen are more or less oxidized and have 
a blue or green color It has a vitreous to pearly luster Its streak is 
white or bluish, changing to mdigo-blue or brown on exposure to the air 
Its pleochroism is strong in blue and pale yellow tints Its hardness 
is I 5-2 and density about 2 6. Its refractive indices for yellow light 
are 5818, jS— i 6012, 7—1 6360 

In the closed tube viviamte whitens, exfoliates and yields water at a 
low temperature It fuses easily (2), tingemg the flame bluish green 
Its fusion temperature is 1114°. The fused mass forms a grayish black 
magnetic globule. It gives the reaction for iron, and is soluble in HCl 
The mineral is easily recogmzed by its softness, easy fusibility and 
by yielding the test for phosphorus. 

Syntheses — Crystals have been made by heating iron phosphate with 
a great excess of sodium phosphate for eight daj/s 

Occurrence mi Origin . — ^Viviamte occurs in veins of copper, tin and 
gold ores; disseminated through peat, clay, and limomtc, coating the 
walls of clefts in feldspars and other minerals of certain igneous rocks, 
and partially filling cavities in fossils and partly fossilized bones It is 
usually the result of the decomposition of other minerals 

Localities . — Crystals are found at several points in Cornwall, Eng- 
land, at the gold mines at Verespatak, in Transylvania, at Allentown, 
Monmouth County, New Jersey, and at many other places The earthy 
variety occurs at Allentown, Mullica Hill and other points in New Jer- 
sey, in Stafford County, Virginia, and m swamp deposits at many places 
It is abundant in hmomte at Vaudreuil, m Quebec, and in bog iron ores 
elsewhere, 

Erythrite (Co3(As04)2 8H2O) 

Erythnte, or cobalt bloom, ismot a common mineral, but, because 
of its beauty and the fact that it is the usual alteration product of cobalt 
ores, It deserves to be described 
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In composition erythrite is 37 5 per cent CoO, 38 4 per cent AS2O5, 
and 24 I per cent H2O It usually, ho’v\e\er, contains some iron, nickel 
and calcium 

The mineral is isomorphous with vivianite Its crystals are mono- 
climc and prismatic or acicular and their axial ratio is 7037 i • 7356 
and / 3 = 74 ° 5^' The prisms are stnated vertically Erjlhrite occurs 
in all the forms m which viviamte is found Its crystals are usually 
bounded by 00 Pod (010), ooP(iio), 00 P 56 (100), +Po6(Yoi) and 
P(Tii) 

The cleavage of erythnte is perfect parallel to 00 P ob (010) It is 
transparent or translucent, has a gray, crimson or peach-red color, 
and a white or pink streak Its hardness varies between i 5 and 2 5 
and Its density is 295 Its luster is pearly on 00 Fob (010) and 
vitreous on other faces It is flexible and sectile. Its refractive 
indices for yellow light are ol — i 6263, 1 6614, 7= i 6986 

In the closed tube er3/thrite turns blue and yields water at a low tem- 
perature At a high temperature it yields AS2O3, which condenses m 
the cold portion of the tube as a dark subhmate It fises at 2, and 
tinges the flame pale blue On charcoal it fuses, yields arsenic fumes and 
a gray globule which colors the borax bead a deep blue The mineral 
IS soluble m HCl, giving rise to a pink solution, which, upon evaporation 
to dryness, gives a blue stain 

It IS easily recognized by its color and the cobalt reaction. It is 
readily distinguished from pink iourmahne (p 434), by its hardness 
and easy fusibility 

Synthesis — Crystals have been obtained by carefully mixing to- 
gether warm solutions of C0SO4: and HNa2As04 7H2O 

Occurrence — Erythnte occurs m the upper portions of veins con- 
taining cobalt minerals, being formed by their weathering 

Localities — It occurs as scales and crystals at Schneeberg, Saxony, 
and as crystals at Modum, Norway, It is found, also, at Lovelock’s 
Station, Nevada, at several points in California and in large quantities 
at Cobalt, Ontario. 

Annabergite (]Sri 3 (As 04 ) 2 -81120) 

Annabergite, or nickel bloom, is isomorphous with erythnte It 
occurs massive, disseminated m tiny grains through certain rocks, as 
crusts and stains in globular and earthy masses, and in fibrous crystals, 
the axial ratios of which are not known. 

The mineral is apple-green in color, and is translucent or opaque. 
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Its streak is light green Its luster is vitreous, its hardness, i 5-2 5 
and sp gr =3 

Before the blowpipe it melts to a gray globule and gives the arsemc 
odor In the closed glass tube it blackens and yields water In the 
beads it gives the usual reactions for Ni The mmeral dissolves easily 
m acids 

Synthesis —Crystals have been produced by the method employed 
in the synthesis of erythrite, using N1SO4, instead of C0SO4 

Occurrence — It is found as a common alteration product of nickel- 
bearing minerals, in the oxidized portions of veins 

Localities —Its best known occurrences are in Allemont, Dauphme, 
Annaberg and Schneeberg, Saxony, Cobalt, Ontario, and mines in 
Colorado and Nevada. 


Variscite (AIPO4 2H2O) 

Vanscite is a bright green mineral that has recently come into use as 
a gem material It is apparently an aluminium phosphate with a 
theoretical composition as follows 449 per cent P20r,, 32 3 per cent 
AI2O3 and 22 8 per cent H2O A specimen of crystallized material from 
Lucin, Utah, gave the following analysis 

P2O5 AI2O3 Fe203 CrOs V2O3 H2O Total 
44 73 32 40 06 18 32 22 68 100 37 

Recent investigations indicate that the compound AIPO4 2H2O is 
dimorphous Both forms are orthorhombic but one, vanscite, has the 
properties described under this heading The other, lucinite, is associ- 
ated with vanscite, near Lucin, Utah. It, however, occurs m crystals 
that are octahedral in habit, rather than tabular, and that have an 
axial ratio of 8729 i 9788 In other respects lucinite is very much 
like variscite 

An amorphous variety of the same substance is also known It 
occurs as a white, pale brown or pale blue earthy mass with a sp gr of 
2.135 It differs from the crystalline varieties in being completely 
soluble in warm concentrated H2SO4 

The crystals of vanscite are orthorhombic and are bounded by 
00 P 06 (010), 00 P(iio) and |P ^ (012), and in a few cases 00 P 60 (100) 
Their axial ratio is 8944 .1:1 0919 Nearly all crystals are tabular 
parallel to oo P 56 (010) Twins are common, with |P 60 (102) the 
twinnmg plane Crystals are comparatively rare, the mineral occur- 
ring usually m fibrous or finely granular masses and as incrustations 
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Vanscite vanes in color from a pale to a bright green It is weakly 
pleochroic, has a vitreous luster, a hardness of about 4 and a density of 
2 54 Its refractive indices for yellow light are ^=1 546, iS=i 556, 
y=i 578 

Before the blowpipe the mineral is infusible It, however, whitens 
and colors the flame deep bluish green It 5nelds water m the closed 
tube, and with the loss of its water, it changes color from green to 
lavender The same change in color takes place gradually at temper- 
atures between iio°-i6o° When heated with Co(N03)2, it turns blue 
and when fused with magnesium ribbon it gives the test for phosphorus 
It forms a yellowish green glass with borax or microcosmic salt. The 
min eral is insoluble in acids before heating 

Vanscite resembles in some respects certain varieties of turquoise 
and wavellite (p 287) It is distinguished from turquoise by the absence 
of copper and from wavellite by its insolubflity in acids 

Occurrence — ^The mineral occurs as a cement m a brecciated, cherty 
limestone and a brecciated rhyolite, as nodules m the cherty portions 
of the breccias and also as veins traversing these rocks It is also 
found as nests in weathered pegmatites The crystals occur as coarsely 
granular, loosely coherent masses m more compact granular masses 
Locahkes — ^Vanscite occurs at Messbach, Savony, m Montgomery 
County, Arkansas, near Lucin, Utah, and at a number of other places 
m Tooele and Washington Counties m this State, in Esmeralda County, 
Nevada, and in Montgomery County, Arkansas The colloidal vanety 
occurs as concretions in slates at Brandberg, near Leoben, Austria 
Uses — The mixture of vanscite and rock is cut, and employed as 
sets m necklaces, belt pins, etc , under the names “ utahlite ” and 
amatnce,” but because of the softness of the vanscite it cannot be 
used with success for all the purposes for which turquoise matrix is 
used 

Production — ^The production of the material in the Umted States 
during 1911 was 540 lb, valued at $5,750 In the previous year 
5,377 lb were reported as having been sold for $26,125, ^9^2, 

the amount marketed was valued at $8,150. 

Skorodite (FeAs 04 - 2 H 20 ) 

Skorodite is more common than vmanite It occurs in globular 
and earthy masses, as incrustations, and in crystals of a green or brown 
color The globular forms are colloidal 

Its formula indicates Fe203=34 6 per cent, As 203 = 49^ cent 
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and H20= 15 6 per cent An incrustation on the deposits of the Joseph’s 
Coat Spring, Yellowstone National Park, consisted of 


AS2O5 Fe203 H2O S1O2 SO3 Total 
46 48 33 29 IS 50 4 3 S 84 100 46 




Its crystallization is orthorhombic (bipyramidal class), with a b . c 
8658 . I 9541. The crystals, which are commonly bounded by 
00 (100), c3oPo6(oio), ooP2(i2o), ooP(iio), 

P(iii) and 5 P(ii 2), are either prismatic or octa- 
hedral in habit (Fig 159) The angle iiiAiTi 
= 65° 20' Their cleavage is imperfect, parallel to 
00 P(iio) 

The mineral is brittle It has a vitreous luster, 
a leek-green or liver-brown color and a white 
streak. It is translucent and has an uneven frac- 
ture Its hardness is 3 5-4 and density about 3 3 
Fig IS9 — Skorod^e colloidal phases are somewhat softer than the 
Crystal with =o , phases 

(d), and P, III {p) In 'the closed tube skorodite turns yellow and 
' yields water It fuses easily, coloring the flame 
bluish. On charcoal it yields white arsenical fumes and gives a black 
porous, magnetic button It is soluble in HCl, forming a brown solution 
It is distinguished from nvianite by the arsenic test, and from dujrefir 
%te by its streak and reaction m the closed tube 

Synthesis — Skorodite crystals have been made by heating metallic 
iron with concentrated arsenic acid solution at i4o°~iso° 

Occurrence . — Skorodite is frequently associated with arsenopynte, 
in the oxidized portions of veins containing iron minerals It is found 
also in a few places as incrustations deposited by hot springs. 

Localities — It occurs in fine crystals at Nerchinsk, Siberia; at 
Loelling, in Cannthia, near EdenviUe, New York, in the Tintic dis- 
trict, Utah, and as an incrustation on the siliceous sinter of the geysers 
m Yellowstone Park. 


HYDRATED BASIC PHOSPHATES AND ARSENATES 

The hydrated basic phosphates and arsenates are rather more nu- 
merous than the hydrated normal compounds, but most of them are rare 
One, wavelUte, however, is a handsome mineral that is fairly common. 
Another, pharmacosidertte, an iron arsenate, is known to occur at a 
number of places The uramte group also belongs here Its members 
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are comparatively rare, but, because of the presence of uranium in them, 
they are of considerable interest 

WaveUite ((A 1 ( 0 H F)3)(P04)2 5H2O) 

Wavellite rarely occurs in crystals It is usually in acicular aggre- 
gates that are either globular or radiating (Fig 160) The few crystals 
that have been seen are orthorhombic (bipyramidal class), with an 
axial ratio of 5573 i . 4057 

Its composition varies widely, and frequently a fairly large portion 
of the OH IS replaced by F, and a portion of the A 1 by Fe 

The mineral is vitreous in luster and white, green, yellow, brown or 
black in color Its streak is white It is brittle and translucent, m- 



Fig 160 — ^Radiate Wavellite on a Rock Surface 


fusible and msoluble m acids Its hardness is 3 5 and its density 2,41. 
Its intermediate refractive index for yellow light is i 526. 

Heated m a dosed glass tube, wavelhte yields water, the last traces 
of which react acid and often etch the glass In the blowpipe flame the 
mineral swells up and breaks into tiny infusible fragments, at the same 
time tingemg the flame green. The mineral is soluble in HCl and 
H2SO4. When heated with H2SO4 many specimens jneld hydrofluoric 
acid When heated on charcoal and moistened with Co(N03)2 and 
reheated, the mineral turns blue. 

Wavellite is distinguished from furquotse, which it sometimes 
resembles, by its action in the blowpipe flame, by its inferior hardness 
and its manner of occurrence 

Occurrence — ^Wavellite occurs as radiating bundles on the walls of 
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cracks in vanons rocks and as globular masses fillmg ore veins and the 
spaces between the fragments of breccias It is probably in all cases 
the result of weathenng 

Locaiihes — It is found at a great number of places, especially at 
Zbirow, in Bohemia, at Minas Geraes, Brazil, at Magnet Cove, Arkan- 
sas, and m the slate quarries in York County, Penn. 


Pharmacosidente ((Fe0H)3(As04)2 5H2O) 

Pharmacosiderite is a hydrated ferric arsenate, the composition of 
which IS not firmly established It usually occurs m small isometric 
crystals (hextetrahedral class), that are commonly combinations of 

00 O 00 (100) and ~(iri) It is also sometimes found in granular 
2 

masses Its cleavage is parallel to oo 0 oo (loo) 

The mineral is green, dark brown or yellow. Its streak is a pale 
shade of the same color It has an adamantine luster and is translucent. 
Its hardness =25 and sp gr =3 It is sectile and pyroelectric Its 
refractive index, 676 

Pharmacosiderite reacts like skorodite before the blowpipe and with 
reagents 

The mineral occurs in the oxidized portions of oi c \ eins, in Cornwall, 
England, at Schneeberg, Saxony, near Schemmtz, Hungai} , and in the 
Tintic district, Utah. 

URANITE GROUP 


The uranites are a group of phosphates, arsenates and vanadates 
contaimng uramum m the form of the radical uranyl (UO2) which is 
bivalent The members of the group are either tetragonal, or ortho- 
rhombic with a tetragonal habit They all contain eight molecules of 
water of aystallization Only three members of the group are of 
suificient interest to be discussed here These are the hydrated cop- 
per and calcium uranyl phosphates, torhermte and atUumte and the 
potassium uranyl vanadate, carnoUte 

The entire group so far as its members have been identified is as 
follows. 


Auivmte 

Uranospnite 

Torbermte 

Zeunerite 

Uranocirctte 

Camohte 


Ca(U02)2(P04)2 8H2O 
Ca(U02kAs04)2 SBbO 
CU(U02)2(P04)2 8H2O 
Cu(U 02)2 (As 04)2 8H2O 
Ba(U02)2(P04)2 8H2O 
(Ca K2)(U02)2(V04)2 ^H20 


Orthorhombic 

Orthorhombic 

Tetragonal 

Tetragonal 

Orthorhombic 
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The uramtes are of interest because of their content of uranium, an 
element which is genetically related to radium 

Autunite (Ca(U02)2{P04)2 8H2O) 

Autumte occurs in thin tabular crystals with a distinctly tetragonal 
habit, and m foliated and micaceous masses 

The percentage composition corresponding to the above formula 
IS 6 I per cent CaO, 62.7 per cent UO3, 15 5 per cent P2O5 and 15 7 per 
cent H2O 

Its crystals are orthorhombic (bip)rramidal class), wnth an axial 
ratio, Q875 : I 28517, thus possessing interfacial angles that closely 
approach those of torbernite. Its crystals are bounded by oP(ooiX 
P w (loi), P 06 (on), and several less prominent planes Their cleav- 
age IS very perfect and the cleavage lamellae are brittle The luster is 
pearly on the base and vitreous on other surfaces. 

The mineral is lemon-yellow or sulphur-yellow in color, and its streak 
is yellow It is transparent to translucent. Its hardness is 2-2 5 and 
Its specific gravity about 3 2, Its refractive indices for yellow light are. 
« = S 7 S» 7=1 577 

The mineral reacts like torbernite before the blowpipe and wuth acids, 
except that it shows none of the tests for copper. It is recogmzed by its 
color, streak and specific gravity 

Occurrence — ^Autunite occurs in pegmatite veins and on the w^alls 
of cracks in rocks near igneous intrusions, especially in association with 
other uranium compounds, of w'^hich it is a decomposition product. 

Localities , — It has been found at Johanngeorgenstadt, Germany, 
at Middletown and BranchviUe, Conn , in the mica mines of Mitchell 
County, North Carolina, and coating cracks m gneiss at Baltimore, Md 

Torbernite (Cu(U02)2(P04)2 •8H2O) 

Torbermte occurs in small square tables, that may be very thin or 
moderately thick, and in fohated and micaceous masses. 

The pure mineral contams 61 2 per cent UO3, 8 4 per cent Cu, 
15 I per cent P2O5 and 15.3 per cent H2O, but frequently a part of the P 
is replaced by As 

Its crystals are tetragonal (ditetragonal bipyramidal class), with 
a c=i . 2 9361 They are extremely simple, their predominating 
forms being oP(ooi) and P 00 (loi). Less prominent are 00 P 00 (100), 
2Poo(2oi) and ooP(iio) Their cleavage is perfect parallel to oP 
The cleavage lamellae may be almost as thm as those of the micas 
but they are brittle 
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The mineral is bright green in emerald, grass or apple shades, has a 
lighter green streak, is translucent or transparent, and has a hardness 
of 2 25 and a specific gravity of about 3 5 Its luster is pearly on the 
basal plane but nearly vitreous on other surfaces It is strongly pleo- 
chroic in green and blue. 

Torbermte gives reactions for Cu and P and yields water in the 
closed tube The bead reactions for uramum are masked by those of 
copper The mineral is soluble in HNO3 

The mineral is easily recognized by its color and other physical 
properties 

Occurrence . — ^Torbermte is occasionally found as a coating on the 
walls of crevices in rocks It occurs m Cornwall, England, at Schee- 
berg, Saxony, at Joachimsthal, Bohemia, and at most places where other 
uramum minerals exist It is probably in all cases a weathering product. 

Camotite ((Ca K2)(IT02)2(V04)2 XH2O) 

Carnotite, like the other uramtes described, is extremely complex 
in composition It may be an impure potassium uranyl vanadate, or a 
mixture of several vanadates m which the potassium uranyl compound 
is the most prominent The formula given above indicates its com- 
position as well as any simple formula that has been proposed A 
specimen from La Sal Creek, Colorado, shows the mineral to be essen- 
tially as follows ' 

V2O5 UO3 CaO BaO K2O H2O at 105° H2O above 105® 
18 05 54 00 I 86 I 86 5 46 3 16 2 21 

though there are present in the specimen analyzed, or in other specimens 
from the same locality, also AS2O3, P2O5, S1O2, T1O2, CO2, SO3, M0O3, 
Cr203, Fe203, AI2O3, PbO, CuO, SrO, MgO, L12O and Na20, and there 
are reported in them also small quantities of radium Radiographs 
taken with the aid of carnotite have been published, which are almost 
as clear as those taken with pitchblende The complete analysis of a 
specimen from the Copper Prmce Claim, Montrose Co , Colo , gave: 


V20S 

AS2O5 

P2OS 

UO3 

M0O3 

Fe203 

AI2O3 

PbO 

18 35 

25 

33 

52 25 

23 

I 77 

1.08 

25 

CuO 

CaO 

BaO 

K2O 

H2O- 

H3O+ 

Ins 

Total 

20 

2 8$ 

.72 

6 73 

2 59 

3 06 

8 34 

99 84 


Also Ti02=.io, C02=33, S03 =.i 2, Cr03=tr , MgO = 20 and 
Na20=.o9 
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The mineral has been found only m tmy crystalline grams, so that its 
physical properties are not well known It is bright yellow m color, and 
is completely soluble in HNO3 If to the nitnc acid solution hydro- 
gen peroxide be added a brown color will appear Or if the solution 
is filtered, made alkaline by ammonia and through it is passed H2S, a 
garnet color will develop If the mmeral be moistened by a drop of 
concentrated HCl, a rich brown color will result The addition of a ^op 
or two of water will change the color to hght green or make it disappear 

Occurrence — Carnotite occurs as a yellow crystalline powder, some 
of which seems to consist of minute crystals with an hexagonal habit, 
in the interstices between the grams m sandstones and conglomer- 
ates, as nodules or lumps m these rocks, and as coatmgs on the walls 
of cracks m pebbles m the conglomerates and on pieces of silicified 
wood embedded in the sandstones. It is limited to very shallow 
depths and is apparently a deposit from ground water. 

Localities — ^Its principal known occurrences are in Montrose, San 
Miguel, Mesa and Dolores Counties m southwestern Colorado, especially 
m Paradox Valley, and in adjoimng portions of New Mexico and Utah, 
and in Rio Blanco and Routt Counties in the northwestern portion of 
Colorado. At all these places there are large quantities of the impreg- 
nated rock but it contains on the average only about i 5 per cent to 
2 per cent of UaOs. The mineral has also been described from Mt 
Pisgah, Mauch Chunk, Pennsylvania, and from Radium HiU, South 
Australia 

Uses , — ^The mmeral is one of the main sources of radium and uranium 
and IS one of the prinapal sources of vanadium. Although it contains a 
notable quantity of uranium, carnotite has httle value except as an ore 
of radium and vanadium, because of the few uses to which uramum is 
put. This metal is used to some extent in making steel alloys and in the 
manufacture of iridescent glazes and glass Its compounds are used in 
certain chemical determinations, as medicmes, in photography, as por- 
celain paint, and as a dye m calico prmtmg. The uses of vanadium have 
been referred to on p 273 

The principal value of carnotite depends upon its content of radium, 
which in the form of the chlonde is valued at about $40,000 per gram 
or $1,500,000 per oz The importance of radium as a therapeutic agent 
has not been estabhshed, but that its use is wonderfully helpful in many 
diseases is beyond question Without doubt m the near future camo- 
tite will become the pnncipal source of radium m the world Practically 
the only other source is the pitchblende (p 297), of Gilpin, Colorado, 
Cornwall, England and Joachimsthal, Austna. 
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Production — Carnotite has been mined m San Miguel and Montrose 
Counties, Colorado, and at several points m eastern Utah, but mainly 
for the vanadium it contams At present it is being utilized as a source 
of radium From Colorado 8,400 tons of vanadium ore, with a value 
of $302,000, were shipped in 1911 and from New Mexico and Utah about 
70 tons, valued at $3,500 Some of this, however, was vanadmite 
Most of it was exported and used as a source of vanadium However, 
the uramum content of the carnotite mmed was about 1 1 tons of the 
metal Dunng 1912 ore containing 26 tons of uranium oxide and 6 7 
grams of radium was produced This would have yielded ii 43 grams 
of radium bromide, valued at $52,800 The present price of standard 
carnotite carrying at least 2 per cent UaOs and 5 per cent V2O6, is at the 
rate of $i 25 per lb for the former and thirty cents for the latter In 
1914 the selling pnce of 4,294 tons of carnotite ore contaimng 87 tons 
of UsOg was $103 per ton At the present tune nothing is paid for the 
radium content of the ore, though this is its most valuable component 
One ton of ore containing i per cent of UgOg carries 2 566 milligrams of 
radium The imports of uramum compounds durmg ipi'a were valued 
at $ 14 , 357 - 

HYDRATED ACID PHOSPHATES AND ARSENATES 

A number of hydrated acid phosphates and arsenates are known to 
constitute an isomorphous group, but only a few of them occur as 
minerals. Brushite is an aad calcium phosphate and pltarmacohte is 
the corresponding arsenate Both crystallize in the monoclimc system 
(pnsmatic class) Neither is common 

Pharmacolite (HCaAs04 2H2O) occurs principally in silky fibers, in * 
botryoidal and stalactic masses and rarely in crystals with an axial 
ratio .6236 * 1 : 3548 and 18=83'’ 13'. Their cleavage is perfect par- 
allel to 00 P M (010) The mineral is white or gray, tinged with red 
Its streak is white It is translucent or opaque Its luster is vitreous, 
except on 00 P & (010) where it is slightly pearly Thin laminae are 
flexible Its hardness is 2-2 5 and density 2 7 Its refractive indices 
for yellow light are. «= 1.5825, 18=1 5891, 7=1 5937 

Before the blowpipe pharmacohte swells up and melts to a white 
enamel. The mmeral gives the usual reactions for As, H2O and Ca It 
usually occurs in the weathered zone of arsenical ores of Fe, Ag and Co, 
at Andreasberg, Harz; Joachimsthal, Bohemia, and elsewhere. 



CHAPTER XV 


THE COLUMBATES, TANTALATES \ND URANATES 

The rare metah, columbium and tantalum, exist in a few silicates, 
but their principal occurrences are as columbates and tantalates w'hich 
are salts of columbium and tantalum acids, analogous to the various 
acids of sulphur The commonest compounds are salts of the meta- 
acids H2Cb20b and H2Ta206, the relations of which, to the normal acids, 
are indicated by the equation 2 H 3 Cb 04 — 2 H 20 =H 2 Cb 206 Other im- 
portant minerals are derivatives of the pyroacids corresponding to 
H 4 Cb 207 , or 2 H 3 Cb 04 ""H 20 The best known ortho salt is fergtcson- 
ite^ YCb 04 , but it is rare 

All the columbates yield a blue solution when partially decomposed 
in H2SO4 and boiled with HCl and metaUic tin The tantalates when 
fused with KHSO4 and treated with dilute HCl give a yellow solution 
and a heavy white precipitate, which, on treatment with metalhc zmc 
or tin, assumes a deep blue color When diluted with water the blue 
color of the tantalate solution disappears, while that of the columbate 
solution remains 

The uranates are salts of uranic acid, H2UO4. The only mineral 
known that may be a uranate is tirammte^ and the composition of this 
is doubtful. 

Columbite ((Fe-Mn)Nb206) and Tantalite ((Fe-Mn)Ta206) 

These two minerals are isomorphous mixtures of iron and manganese 
columbates and tantalates The name columbite is apphed to the mix- 
ture that IS composed mainly of the columbates, and tantalite to that 
which is prmcipally a mixture of tantalates When the tantahte is 
composed almost exclusively of the manganese molecule, it is known as 
manganotantalite Tin and tungsten are frequently found m both min- 
erals 

Their crystals are orthorhombic, with a: b * 8285 : i : 8898 for 

the nearly pure columbium compound, and 8304 : i : .8732 for the 
nearly pure tantalum compound Both form short pnsmatic crystals 
contaimng many faces, among the most prominent being the three 
pinacoids, various prisms, notably 00 P(iio), 00 P3(i3o) and 00 P6(i6o), 
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and the domes 2p w (201) and JP ^ (012) (Fig 161) The most promi- 
nent pyramids are P(iii) and P3(i33). Twins are not uncommon, 
with 2P66 (201) the twinning plane The angle iioAiTo for colum- 
bite=79° 17' 

Both minerals are usually opaque, black and lustrous, and occasion- 
ally iridescent, though, m some mstances, they are translucent and 
brown Their streak is dark red or black Their cleavage is distinct 
parallel to 00 P 00 (100), fracture uneven or conchoidal, their hardness 

6 and their specific gravity 
yy \\ between 5 3 and 7 3, in- 
creasing with the propor- 
^ |jf lYff tantalum mole- 

present They are 
both infusible before the 
^ " blowiDipe Some specimens 

^ j ® ^ 6 exhibit weak radioactivity 

m ^ m'' yf^ When columbite is de- 

composed by fusion with 
KOH and dissolved in HCl 
_ and H2SO4, the solution 
Fig i6i.-Coluinbite Crystals with coP«^ loo ^lue on the addition 

(a), ooPoOjOIO (6), OOP, no (w), O0P2, 210 r . ^ 

/ ( (A\ L p:? IV s metallic Zinc The min- 

(y)i 730(d), 00 P3, 130 u), |Poo, 103 

(i). P, III (0) and PI, 133 («) “ 2 , 1 partially decom- 

posed when evaporated to 
dryness with H2SO4, forming a white compound that changes to yellow 
When this residue is boiled with HCl and metallic zinc a blue solution 
results The mineral also gives reactions for iron and manganese. 

Tantalite is decomposed upon fusion with KHSO4 m a platinum 
spoon, or on foil. This when heated with dilute HCl yields a yellow 
solution and a heavy white powder Upon addition of metallic zinc, a 
blue color results and this isappears on dilution with water In the 
microcosmic salt bead tantahte dissolves slowly, giving reactions for iron 
and manganese When treated with tm on charcoal the bead turns 


green 

The two mmerals may easily be confused with black tourmahne 
(p. 434), dmemte (p 462) and wolframite From tourmaline, they are 
distinguished by crystallization, high specific gravity and luster, from 
wolframite by thdr less perfect deavage and by the reaction with 
aqua regia (see p 259), from ilmenite by the test for titanium 

Occurrence^ On,gm ard Localities , — ^Both minerals occur in veins of 
coarse granite and probably have a pneumatolytic origin 
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Columbite is found in granite \eins at Bodenmais, Bavaria, Tam- 
mela, m Finland, near Limoges, France, with tantalite, near Miask, 
in the Ilmen Mountains, Russia, with samarskite, and at Rdgtut, m 
Greenland In the Umted States it is found at Standish and Stone- 
ham, in Maine, at Acworth, in New Hampshire, at Haddam, in Con- 
necticut, at Amelia Court House, Virgmia, with samarskite in the mica 
mines in Mitchell County, North Carolina, m the Black Hills, South 
Dakota, and at a number of other points m New England and the Far 
West 

Tantalite is found at many of the localities for columbite and also 
at several other places in Finland, near Falun, in Sweden, in Yancy 
County, North Carolina, and m Coosa County, Alabama 

Uses — ^At the present time columbium and its compounds have no 
commercial uses Tantalum, however, is employed m the manufacture 
of filaments for certain types of incandescent lamps Since, howe\er, 
about 20,000 filaments may be made from a single pound of the metal the 
market for tantalum ores is very limited 

Samarskite and Yttrotantalite 

These two minerals may be r^arded as isomorphous mixtures of 
salts of pyrocolumbic and pyrotantalic acids, in which the bases are 
yttrium, iron, calcium and uranyL 

Samarskite, according to this view, is approximately 

Y2(Ca Fe U02)3(Nb207)3 

and yttrotantalite the corresponding tantalate Yttrium and iron are 
the principal bases, but there are also often present erbium, cerium, 
tungsten and tin 

Analyses made by Rammelsberg and quoted by Dana give some idea 
of the complexity of the compounds; 


Density 

Ta206 

NbaOs 

WO3 

Sn02 Ti02* 

Y2O3 

Er 203 

I S 425 

46 25 

12 32 

2 36 

I 12 


10.52 

6 71 

II. s 839 

14 36 

41 07 


16 

S6 

6 10 

10 80 

III s 672 

• 

SS 34 


22 

I 08 

8 80 

3 82 

CeaOst 

UO2 


FeO 

CaO 


H2O 

Total 

I 2 22 

I 61 


3 80 

S 73 


6 31 

98 9 S 

II. 2 37 

10 90 


14 61 



. 

too 93 

III 4 33 

II 94 


14 30 



. 

99 83 

I From Itterby, Sweden 

II From North Carolina 

m 

FromMiask Russia. 


* Indudmg S A* t Including D12O3 and LaaOs 
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The first of these three roinerals has been called yltrotantalite and 
the other two samarskite If the first is weathered, as seems probable 
from the presence of over sl\ per cent of water, the three may constitute 
members of an isomorphous senes with the third representing the nearly 
pure columbate (samarskite), the first a compound in which the tantalate 
molecule is in excess (yttrotantalite), and the second an intermediate 
compound which contains both the tantalum and columbium molecules, 
with the latter predominating 

With more accurate analyses the great complexity of these compounds 
becomes even more apparent Hillebrand has given the following report 
of his analysis of a samarskite from DeviFs Head Mountain, near Pike’s 
Peak, Colorado, which shows the futility of attempting to represent its 
composition by a chemical formula- 



Pitch-black 

Black 

Weathered 


Variety 

Vanety 

Variety 

Ta205 

27 03 

28 II 

19 34 

Cb206 

27 77 

26 16 

27 56 

WO 3 

2 2$ 

2 08 

S SI 

Sn02 

95 

I 09 

82 

Zr02 

2 29 

2 60 

3 10* 

UO 2 

4 02 

4 22 


UO 3 



6 20 

Th02 

3 64 

3 60 

3 19 

Ce203 

S4 

49 

41 

(La,Di)203 

I 80 

2 12 

I 44 

Er203 

10 71 

10 70 

9 82 

Y 2 O 3 

6 41 

s 96 

5 64 

Fe 203 

8 77 

8 72 

8 90 

FeO 

32 

35 

39 t 

MnO 

78 

75 

) 77 

ZnO 

05 

07 

PbO 

72 

80 

I 07 

CaO 

27 

33 

I 61 

MgO 



II 

K 2 O 

17 

13 

} 36 

(Na,Li)20 

24 

17 

H 2 O.. 

I 58 

I so 

3 94 

F . 

? 

? 

? 

Total 

. . 100 31 

99 75 

100 18 

Sp gr 

. ^ 6 18 

6 12 

5 45 


t Or 074 UO^. 


* With T 1 O 2 
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Both samarskite and yttrotantalite are orthorhombic, with an axial 
ratio for samarskite of 5456 : i : 5178, and for yttrotantalite, 5411 • 

I . I 1330. They, however, more commonly occur massive and m 
flattened grains embedded in rocks Their crystals are prismatic m 
the direction of the c or the h axis Their most prominent forms are 
00 P 06 (100), 00 P 06 (010) and P 00 (loi) (Fig 162) Less prominent 
but fairly common are ooP2(i2o), ooP(iio), P(iii) and 3P#(23i) 
The angle iioaiTo for samarskite is 57® 14' 
and for yttrotantalite 56° 50' 

The cleavage of both minerals is indistinct 
parallel to 00 P 06 (010) Their fracture is 
conchoidal Both are brittle The hardness of 
samarskite is 5-6, its density about 5 7, its 
luster vitreous, its color velvety black and its 
streak reddish brown Yttrotantalite is a little 
softer (5-5 s) Its specific gravity is 5 5-5 9, 
its luster submetallic to vitreous, its color black, 
brown, or yellow, and its streak gray to color- 
less Samarskite is opaque and yttrotantalite 
opaque or translucent 

The reactions of the mmerals vary with 
their composition They always yield the 
blue solution test for tantalum or columbium, and most specimens react 
for Mn, Fe, Ti and U The reaction for uramum is an emerald green 
bead with microcosmic salt in both reducing and oxidizmg flame. 

They are distmgmshed from columhtte and tantal%te by the form of 
their crystals. 

Occurrence — ^The two mmerals, like columbite and tantahte, are 
found principally in pegmatite veins and m many of the same localities 
Yttrotantalite occurs mainly at Ytterby and near Falun, in Sweden, and 
samarskite, near Miask m the Ilmen Mountains, Russia, In the Umted 
States the last-named mineral is sometimes found m large masses m the 
mica pegmatites of Mitchell County, North Carolma. 

Uses — ^Neither mineral is at present of any commercial value. They 
are, however, e.xtremely mterestmg as the source of many of the rare 
elements, and, especially, as a possible source of radium and closely 
related substances. 


Fig 162 —Samarsbte Crys- 
tal with 00 P M , 100 (a), 
ooPm, oio {b), 00 p, 

no (W), 00 P2, 120 {jk)y 
Pm, loi (e), P, III 
3 P 1 » 231 (®) 


XJraoinite 

Urammte, or pitchblende, like the other compounds containing the 
element uramum, is of doubtful composition. It contains so many 
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different components that a correct conception of its character is almost 
impossible to grasp The mineral is particularly interesting because it 
always contains a trace of radium, of which it is an important com- 
mercial source at the present time 

Analyses of crystallized material (I) from Branchville, Conn, 
and from Annerod (II), Norway gave the following results 


U03 

UO2 

ThOa 

PbO 

E02O3 

CaO 

H30 

Pie 

Insol 

I. 21 54 

64 72 

6 93 

4 34 

28 

22 

67 

Und. 

14 

11 30 63 

46 13 

6 00 

9 04 

25 

37 

74 

17 

4 42 


with small quantities also of Zr 02 , Ce 02 , La203, D12O3, V2O3, Er203, 
MnO, Alkalies, S1O2 and P2O6 These analyses are inlerpieted as indi- 
cating that the mineral is a uramum salt of uramc acid, U02(0H)2, or 


H2UO4, thus 



or UsOs, in which Pb leplaces the U in 


part, and Th02 the UO2 Radium is found in most specimens and 
helium in nearly all 

Several varieties aie recognized, the distinctions being based largely 
upon chemical differences 

Broggente has UO3 to other bases as i : i 

Clevetie and mvefiite contain 9 per cent to 10 per cent of the yttna 
earths 

Pitchble^ide is possibly an amorphous uranmite containing a very 
little thoria and much water Its specific gravity is often as low as 6 5, 
due probably to partial alteration 

Urammte crystallizes in the isometric system in octahedrons, and in 
combmations of O(iii), 00 O(iio), and 00 0 00 (100) Crystals are rare, 
however, the material usually occurring in crystalline masses and in 
botyroidal groups 

The mineral is gray, brown or black and opaque. Its streak is 
browmsh black, gray or olive green. Its luster is pitch-like or dull Its 
fracture is uneven or conchoidal It is brittle, its hardness is 5 5 and 
density 9-9 7 Like the other uramum minerals it is radioactive 

Before the blowpipe uraninite is mfusible. Some specimens color 
the flame green with copper With borax it gives a yellow bead in the 
oxidizing flame, turmng green in the reducmg flame All specimens give 
reactions for lead and many for sulphur and arsenic The mineral is 
soluble in nitric and sulphuric aads, with shght evolutions of helium, 
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the ease of solubility increasing with the increase in the proportion of 
rare earths present 

Urammte is distinguished from wo^jramite, samarskite, columbde and 
tantakte, by lack of cleavage, greater specific gravity, and differences in 
crystallization From all but samarskite it is also distinguished by the 
reactions for uranium and, in the case of most specimens, by the reac- 
tion for lead It is especially characterized by its pitch-black luster 

Occurrence and Localities — Urammte occurs in pegmatites and in 
veins associated ^\ith silver, lead, copper and other ores It is found in 
the ore veins in Saxony, Bohemia, and in pegmatites near Moss, Arendal 
and other points in Norway 

In the United States it occurs in pegmatites at Middletown and 
Branchville, in Connecticut, at the Mitchell County mica mines. 
North Carolina, and at Barringer Hill, Llano County, Texas It is 
also found m large quantity near Central City, Gilpin County, Colorado, 
where it is associated with gold, galena, tetrahedrite, chalcopynte and 
other ore mineials 

Production — Urammte has been mined in small quantity m Colo- 
rado, and at Barnnger Hill, both as a source of uranium and as a 
source of radium In Cornwall, England, and at Joachimsthal, 
Austria, it is mined as a source of radium (See also p 292.) 



CHAPTER XVI 


THE SILICATES 

The silicates are salts of various silicon acids, only a few of which 
are known uncombined with bases The silicates include the commonest 
minerals and those that occur in largest quantity They make up the 
greater portion of the earth's crust, forming most of the igneous rocks 
and a large portion of vein fillings In number, the silicates exceed all 
other mineral compounds, but because of their stability they are of very 
httle economic importance A few are used as the sources of valuable 
substances, and their aggregates, the silicious rocks, are utilized as 
building stones, but, on the whole, they are of little commercial value 
Smce, however, they occur in good crystals and their material is trans- 
parent in thin sections so that it can easily be studied by optical methods, 
they are of great scientific importance Much of the progress made m 
crystallography has been accomplished through the study of these com- 
pounds 

Although the salts of the silicic acids are very numerous and most of 
them are very stable toward the ordinary reagents of the laboratory, 
the acids from which they are derived are only imperfectly known 
The onl}'- one that has been prepared in the pure stale is the compound 
H2S1O3 This occurs as a gelatinous (colloidal) white substance which 
rapidly loses water upon drying and probably breaks up into a number 
of other compounds which are also acids, containing, however, a larger 
proportion of sihcon in the molecule than that in the original compound 
When the tetrafluoride, or the tetrachlonde, of silicon is decomposed by 
water, the principal product is the acid referred to above, but m addition 
to this there is probably formed also the compound H4S1O4 or Si(OH)4, 
which is the ortho acid Some silicates are salts of these acids. Others 
are salts of the acids containing a larger proportion of silicon In most 
cases, however, these acids may be regarded as belonging to a series m 
which the members are related to one another m the same manner as 
are normal sulphuric, common sulphuric and pyrosulphuric acids. Nor- 
mal sulphuric acid is HeSOe By abstraction of 2H2O the compound 
H2SO4, or ordinary sulphunc aad, results If from two molecules of 
H2SO4, one molecule of H2O is abstracted, H2S2O7, or pyrosulphuric 
acid, is left. In the same manner all of the silicic aads may be regarded 
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as being derived from normal silicic acid Si(0H)4 or H4S1O4 by the ab- 
straction of water, thus: 


Orthosilicic acid is H4S1O4, 

Metasilicic acid IS H4S1O4 —H2O or H2Si03, 
Diorthosilicic acid is 2H4S1O4—H2O or H6S12O7, 
Dimetasilicic acid is 2H2S1O3— H2O or H2S12O5, 
Trimetasilicic acid is 3H2S1O3— H2O or EUSiaOg- 


The compounds containing more than one silicon atom in the molecule 
are known as polysilicates The salts of metasilicic acid are meta- 
silicates 

Many attempts have been made to discover the chemical structure 
of the comparatively simple silicates and several proposals have been 
offered to explain the great differences often observed m the properties 
of silicates with the same empirical formula, but no explanation of these 
differences has thus far proved satisfactory The silicates are so very 
stable under laboratory conditions, and, when they are decomposed, 
their decomposition products are so difficult to study, that it has been 
impossible to determine their molecular volumes or to understand their 
substitution products We are thus driven to ascribe many of the 
anomalies in their composition to sohd solutions, to absorption phenom- 
ena, and to the isomorphous mixing of compounds, some of which do 
not exist independently 

There are many silicates, moreover, which cannot be assigned to any 
of the simple acids mentioned above, but which probably must be 
regarded as salts of very much more complex acids Others are pos- 
sible salts of alummosilicic acids in which alumimum functions in the 
acid portions Thus, albite is usually regarded as a trisilicate, NaAlSisOg, 
and anorthite as an orthosihcate, CaAl2(Si04)2 But the two substances 
are completely isomorphous, and for this reason it is thought that they 
must be salts of the same acid If we assume an aluminosiiicic acid of 
the formula H 5 AIS 12 O 8 , albite may be written (NaSi) AlSfeOg, and anor- 
thite (CaAl)AlSi208 The two minerals thus become salts of the same 
add and their complete isomorphism is explained The relations that 
exist among many silicates might be better understood on the assump- 
tion that they are salts of complex siliac and of aluminosiiicic adds 
than on the assumption that they are salts of simpler acids, as is now the 
case But, since it has been impossible to isolate the acids and study 
them we are not certain as to their character It is, therefore, beheved 
best to represent most silicates as salts of the simplest acids possible, 
consistent with their empincal compositions as determined by analyses 
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As iii,the case of salts of other acids there are silicates that contain 
hydrogen and oxygen m such relations to their other components that 
when heated they yield water In some cases this water is driven off at 
a comparatively low temperature and the residue of the compound re- 
mains unchanged A compound of this kind is usually called a hydrate 
or the compound is said to contain water of crystallization In other 
cases a high temperature is necessary to drive off water, and the com- 
pound breaks up mto simpler ones In these instances the water is 
said to be combined The compound is usually basic 

In the descnptions of the silicates the order m which the minerals are 
discussed is that of increasing acidity, i e , increasing proportion of the 
S1O2 group present m the molecule This order, however, is not fol- 
lowed ngorously The members of well defined groups of closely related 
minerals are discussed together even if their acidity varies widely 
Nearly all the silicates are transparent or translucent and all are elec- 
tncal insulators 

THE ANHYDROUS ORTHOSILICATES 
NORMAL ORTHOSILICATES— R4S1O4 
OLIVINE GROUP (R"iSi04) R"-Mg, Fe, Mn, Zn 

The members of the olivine group are normal silicates of the metals 
Mg, Fe, Mn and Zn They constitute an isomorphous series crystalliz- 
ing in the holohedral division of the orthorhombic system (rhombic bi- 
pyramidal class) The most common member is the magnesium-iron 
compound (Mg Fe)2Si04, olivine^ or thrysot Ic, from which the group 
gets Its name. The members with the simplest composition are for- 
stertte (Mg2Si04), fayahte (Fe2Si04) and tephroite (Mn2SiOj.) The 
others are isomorphous mixtures of these, with the exception of three 
rare mmerals, of which one, 'tnonticelhte, is a calcium magnesium silicate, 
another, titanohmne^ contams Ti in place of a part of the Si, and the 
other, roeppente, contains some Zn2Si04 Most of them are formed 
by crystallization from molten magmas 

Crystals of all the members of the group are prismatic and all have 
nearly the same habit They are often flattened parallel to one of the 
pinacoids, 00 P 06 (010) or 00 P 00 (100) The axial ratios of the com- 
moner members are as follows 

Forstente a: b . c= 4666 : i : 5868 The angle iioAiTo=so® 2' 

Ohvme = 4658 i : 5865 The angle iioAiTo=49° 57' 

Tephroite = 4600 . i : 5939 The angle no Ailo— 49® 24' 

Fayahte = 4584 : i : 5793 The angle no A 1*10=49® 
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Crystals of olivine are usually combinations of some or all of the following 
forms- 00 P (X (loo), oo P o6 (oio), 


oP(ooi), ooP(iio), ooP2(i2o), 
Poo (on), 2P 06(021), P^(ioi), 
P(iii) and 2P2(i2i) (Fig. 163) 
The crystals of fayalite are usually 
more tabular than those of olivme, 
but forstente and tephroite crystals 
have nearly the same forms The 
cleavage of all is distinct parallel 
to 00 P 66 (010), less distinct parallel 
to 00 P 06 (100) in olivine, and par- 
allel to oP(ooi) in fayalite 

The compositions of the pure Mg, 



Fig 163 — Olivine Crystals with 
00 P, no (w), 00 Poo, 010 (b), 

op, 001 (c), 2P 5 , 021 (k), 00 PT, 
120 (s)y'P^ , loi (d) and P, in (e) 


Mn, and Fe molecules are 



Mg 2 Sl 04 

Mn 2 Si 04 

Fe 2 Si 04 

MgO 

• S 7 I 



MnO 


70 25 


FeO 

. 


70 6 

S1O2 

42 9 

29 75 

29 4 


All natural crystals, however, contain some of all the metals indicated 
and, in addition, many specimens contain also a determinable quantity 
of CaO and traces of other elements 


Forsterite, Olivme and Fayalite (Mg 2 Si 04 — (Mg Fe) 2 Si 04 — Fe 2 Si 04 ) 

The composition of olivme naturally depends upon the proportion 
of the forsterite and fayalite molecules present in it When the propor- 
tion of FeO e'^ceeds 24 per cent, the variety is known as hyalostderite 
A few tj^ical analyses are quoted below 



MgO 

FeO 

CaO 

AI2O3 

S1O2 

Total 

Sp Gr 

I 

SI 64 

S 01 

r 08 

42 

42 30 

100 45 

3 261 

II 

so 27 

8 54 



41 19 

100 00 


III 

48 12 

II 18 

12 


40 39 

99 81 

3-294 

rv 

39 68 

22 54 



37 17 

99 39 



I From masses enclosed m Vesuvian lava 
II Concretion in basalt near Sasbach, Kaiserstuhl 

III Grains from glacial debris, Jan Mayen, Greenland 

IV Grams from coarse-grained rock, near Montreal, Canada 
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In addition, there are often also present small quantities of Ni, Mn, 
and Ti 

Forsterite, olivine and fayalite are usually yellow or green in color 
and have a vitreous luster. Forstente is sometimes white and ohvine 
often brown. All three minerals become brown or black on exposure 
to the air AH are transparent or translucent Their streak is colorless 
or yellow The fracture of olivine is conchoidal In the other two 
minerals it is uneven Their hardness, density and refractive indices 
for yellow light are as follows 



Hardness 

Sp Gr 

a 

/S 

7 

Forsterite 

6-7 

3 21-3 33 

I 6319 

I 6519 

I 6698 

Olivine. 

6 S -7 

3 27-3 37 

I 6674 

I 6862 

I 7053 

Fayahte 

6 5 

4 00-4 14 

I 8236 

I 8642 

I 8736 


Before the blowpipe most olivines and forsterites whiten but are in- 
fusible Their fusion temperatures are between 1300® and 1450°, 
decreasing with increase m iron Fayahte and varieties of olivine rich 
in iron fuse to a black magnetic globule All three minerals are decom- 
posed by hydrochloric and sulphuric acids with the separation of gelat- 
mous sdica, the iron-nch varieties are decomposed more easily than 
those poor in iron 

The minerals are characterized by their color and solubihty m 
acids. 

Both fayahte and ohvine alter on exposure to the air, the former 
changing to an opaque mixture of Fe203 and S1O2, or to the fibrous 
mineral anthophylhte ((Mg-Fe)Si03), and ohvine to a mixture of 
iron oxides and fibrous or scaly gray or green serpentine (H4Mg3Si209). 
In other cases, under metamorphic conditions, the alteration is to a 
red lamellar mineral {tddingstte) which may be a form of serpentine, 
or to magnesite, or to the silicate, talc Other kinds of alteration of 
this mineral have also been noted but those described are the most 
common 

Syntheses — ^The members of the ohvine series have been produced 
by fusing together the proper constituents in the presence of magnesium 
and other chlorides They are, moreover, present in many furnace 
slags where they have been made m the process of ore smeltmg, 

Occimence — Ohvme occurs as an onginal constituent of basic igneous 
rocks and as a metamorphic product m dolomitic limestones It is 
found also in the form of rounded grains in some meteoric irons. Fayahte 
occurs in acid igneous rocks, especially where affected by pneumatolytic 
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action, and forsterite in dolomitic rocks when they have been meta- 
morphosed by the action of igneous rocks 

Localities — Members of the olivine group occur m the basaltic lavas 
of many volcanoes — as those of the Sandwich Islands, in the hmestone 
inclusions m the lava of Mt Somma, near Naples; m vanous basic 
rocks m Vermont and New Hampshire and at Webster, N C. At the 
latter place granular aggregates of almost pure ohvme constitute great 
rock masses known as dunite 

Fayalite is found in the rhyolites of Mexico, the Yellowstone Park 
and elsewhere, and in coarse gramte at Rockport, Mass , and in the 
Mourne Mountains, Ireland 

Forstente occurs in limestone enclosures in the lava of Mt Somma 
and at limestone contacts with igneous rocks at Bolton, Roxbury, and 
Littleton, Mass , and elsewhere. 

Uses and Produckon . — The only member of the group that is of any 
economic importance is a pale yellowish green transparent ohvme, which 
is used as jewelry under the name of “ pendot ” Gem matenal is found 
at Fort Defiance and Rice, in Arizona, scattered loose in the soil The 
little grains came from a basic volcanic rock. The amount produced in 
the United States during 1912 was valued at about $8,100. 

Tephroite (Mn 2 Si 04 ) 

Although tephroite is regarded as the maiiganese silicate it nearly 
always contains some of the forstente molecule 

Analyses of brown (I), and red (II), varieties from Sterhng Hill 
gave 



MnO 

FeO 

MgO 

CaO 

ZnO 

Loss 

Si 02 

Total 

I 

52 32 

I 52 

7 73 

I 60 

5 93 

28 

30 55 

99 93 

11 

47 62 

23 

14 03 

54 

4 77 

3 S 

31 73 

99 27 


The mineral is gray, brown or rose-colored and transparent or 
translucent Its streak is nearly colorless It is rarely found in crys- 
tals Its hardness is about 6 and its density 408 It is strongly 
pleochroic in reddish, brownish red and greemsh blue tints Its inter- 
mediate refractive index for yellow light = about i 80. 

It is fusible with difficulty (fusing temperature =1200®), and is sol- 
uble in HCl with separation of gelatinous silica It is distinguishable 
from other like-appeanng mmerah by its difficult fusibility and its 
reaction with HCl 

Syntheses — Crystals of the mineral have been made by fusing to- 
gether S1O2 and Mn02 in the proportion of i : 2, and by long-continued 
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heating of MnCL and S1O2 in an atmosphere of moist hydrogen or carbon 
dioxide 

Locahhes —Tt^hxoiit occurs at Mine Hill and Sterling Hill, near 
Franklin, N J, where it is associated with franldinite, zincite and 
troostite It IS found also at Pajsberg in Sweden with other man- 
ganese minerals and magnetite, and at Langban, in Wermland, 
Sweden 

Uses — ^The mineral is of little commercial value It is separated 
with other manganese minerals from the zinc ore of Franklin, N. J , and 
is smelted with these in the production of spiegeleisen. 

WILLEMITE GROUP (Ra^SiOJ R"=Zn, Mn 

The willemite group comprises the two minerals imllemite (Zn2Si04) 
and troostite ((Zn Mn)2Si04), of which the latter is rare Willemite 
occurs in small quantity only, but troostite is an important source of 
zinc at the Franklin locality in New Jersey Both minerals are found in 
crystals 

Willemite and troostite crystallize in the rhombohedral hemihedral 
division of the hexagonal system (ditngonal scalenohedral class), with 
the axial ratios 

Willemite a: c=i : o 6698 
Troostite = i . 0.6698 

Willemite and Troostite (Zn2Si04— (Zn Mn) 28104) 

Willemite and troostite occur massive, in grains, and in simple crys- 
tals 

The theoretical composition of willemite is S1O2— 2704 and ZnO 
= 72 96, but nearly all natural crystals contain traces of other elements 
When a noticeable quantity of manganese is present, the compound 
IS troostite Several analyses are quoted below 



S 1 O 2 

ZnO 

MnO 

FeO 

Total 

Willemite from Stolberg, Germany 

26 90 

72 91 


35 

100 16 

Willemite from Greenland 

27 86 

71 51 


37 

99 74 

White troostite from Franklin, N J 

27 20 

6s 82 

6 97 

23 

XOO 22 

Dark red troostite from Franklm, N J 

27 14 

64 38 

6 30 

I 24 

99^0^ 


The crystals of willemite exhibit the forms ooR(ioio), oop2(ii2o), 
oR(oooi),fR(3034) and — |R(oil2)(Fig 164). Twins, with|-P2(3 3 6 10) 
as the twinning planes, are rare The crystals of troostite are even 
more simple, with 00 P2(ii2o) and R(ioYi), usually the only forms 
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present, though “|R(oii2), -|R(o332) and are also occa- 

sionally found The angle roii A 1101 = 63° 59 ' The cleavage of 
wiUemite is distinct parallel to oP(oooi), and of troostite distinct 
parallel to ooP2(ii2o), and less perfect parallel to R(ioTi) and 
cR(oooi) 

WiUemite is colorless, yellow, brown or blue Troostite is green, 
yellowy brown or gray The colored varieties of both minerals are 
translucent Colorless willemite is transparent Both mmerals are 
\utreous in luster Their hardness is between 
5 and 6 and density between 3 9 and 4 3 The 
refractive indices of willemite for yellow light 
are w=i 6931, €=i 7118 

Both nunerals glow when heated before the 
blowpipe and are fused with difficulty (about 
1484°), and both gelatinize with HCl WiUem- 
ite gives the reaction for zmc with Co(N03)2 
on charcoal, and troostite gives, in addition, 
the reaction for manganese. Fig 164— Willemit^Ctys- 

Syntheses — ^WiUemite crystals have been^ tal wi^ 00P2, 1120 (a), 
made by the action of gaseous hydrofluo- 
silicic acid upon zinc, and by the action of 
silicon fluonde on zmc oxide at cherry-red temperature 

Localiites and Origin — ^Willenute occurs in comparatively small quan- 
tity at only a few places, associated with other zmc mmerals. In 
America it is found m colorless and black cr3rstals at the Merritt 
Mme near Socorro, New Mexico, associated with mimetite, wulfenite, 
cerussite, barite and quartz 

Troostite occurs only at Sterlmg Ebll and Franklin Furnace, N J , 
but m such large quantity that it constitutes an important proportion 
of the zmc ore for which these localities are noted It is associated with 
franklimte and zincite. Both willemite and troostite are results of 
magmatic processes. 

Phenacite (Be 2 Si 04 ) 

The theoretical composition of thecompoimd Be2Si04 is Si04= 54 47, 
BeO=4S S 3 Many of the analyses of phenaate show that it ap- 
proaches very closely to this. A specimen from Durango, Mexico, for 
example, is: 

SiO= S4 71, BeO=4S 32, MgO+CaO= 14. Total= 100 17. 
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Phenacite crystallizes m the rhombohedral tetartohedral division of 
the hexagonal system with a : c=i i 0661 It occuis m crystals pos- 
sessing many different types of habit and with many different combina- 
tions of forms Perhaps ooP2(ii2o), ooP(ioTo), R(ioTi), R^(2i3r) 
and — |R(oil2) are the most common (Fig 165) Interpenetration 

twins are common at some localities The 
cleavage is indistinct parallel to 00 P(ioTo) 
The angle loTi A i loi = 63° 24' 

Phenacite is colorless or white or some 
light shade of yellow or pink. It is trans- 
parent or translucent and has a glassy luster 
Its hardness is 7 5, and density about 3 and 
the refractive indices for yellow light are 
ctf=i6s42, 6=16700 It is infusible and 
insoluble m acids When heated with a 
little soda before the blowpipe it affords a 
white enamel The mineral is phosphores- 
cent and pyroelectric 
Colorless phenacite resembles quartz and / erdente^ and the yellow 
vanety topaz It is best distmgmshed from them by its crystalliza- 
tion 

Syntheses — Small crystals have been made by the fusion of a mix- 
ture of S1O2 and beryllium oxide and borax, and by melting together 
beryllium mtrate, silica and ammomum nitrate 

Localities , — ^Phenacite occurs at the Emerald Mines near Ekaterin- 
burg in the Urals, near Fremont, in the Vogesen, at Reckingen, in 
Switzerland, in Durango, Mexico, near Pikers Peak, at Topaz Butte, 
and at Mount Antero, in Colorado, and at Greenwood, in Maine. In 
aU cases the mineral is probably a result of pneumatolysis 

Uses,— Th^ colorless phenacite is used to a shght extent as a gem 

GARNET GROUP 

(R"3R"'2(Si 04)3) R"=Ca, Mg, Fe, Mn R'"=Al, Fe, Cr 

The garnet group comprises a large number of isomorphous com- 
pounds, some of which are very common The members nearly all 
occur in distmct crystals that are combinations of isometric holohedrons 
(hexoctahedral class) Many different names have been given to the 
garnets and analyses show that they possess very different compositions 
With the exception of a few rare varieties, they can all, however, be 
explamed as consistmg of one of the six molecules mdicated below, or of 





Fig 165 — Phenacite Crystal 
with 00 P2, 1120 (fl), 00 P, 

— JP3 

1010 (m) and T322 

(*) * 
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mixtures of them The six molecules and the names of the garnets 
corresponding to them, together with their densities, are. 


CasAla (8104)3 Grossidante or Hessomte Sp gr =3 4-3 6 


Mgs Alo (8104)3 Pyrope =37-38 

MnsAls (8104)3 Spessaihte ==41-43 

Fe3Al2(Si04)3 Almandite =4 1-4.3 

CasFes (8104)3 Andradtte or Melamte =3 8-4 i 

Ca3Cr2(Si04)3 Uvaroviie =3 4 


The following table contains the calculated percentage composition 
of the several pure garnet molecules and the records of analyses of some 
typical varieties of the mineral 



S1O2 

AI2O3 

FeaOj 

Cr 203 

FeO 

MgO 

CaO 

MnO T1O2 

Total 

I. 

40 01 

22 69 





37 30 


100 00 

Ib 

42 01 

17 76 



S 06 

13 

35 01 

20 

100 17 

Ha 

44 78 

25 40 




29 82 



100 00 

Hb 

40 92 

22 45 

s 46 


8 II 

17 8 s 

5 04 

46 . 

100 39 

Ilia 

36 30 

20 75 

. 





42 95 

100 00 

IHb 

36 34 

12 63 

4 57 



47 

I 49 

44 20 

99 70 

IVa 

36 IS 

20 51 

43 34 






100 00 

IVb 

37 61 

22 70 

33 83 



3 61 

I 44 

I 12 

100 31 

Va 

35 4 S 


31 A 9 




33 06 


icx> 00 

Vb 

3 S °9 

tr 

29 IS 


2 49 

24 

32 80 

36 

100 48 

Vo 

26 36 


22 00 



I 25 

30 72 

tr, 21 56 

lOI 89 

Via 

38 23 



29 27 



29 27 


100 00 

VIb 

36 93 

5 68 

I 96 

21 84 


I 54 

31 63 


99 S8 


la Theoretical composition of the grossulante molecule 

lb Green and red grossulante from the hmestone at Santa Clara, Cal. 

Ila Theoretical composition of the pure pyrope molecule 

Ilb Pyrope from a pendotite m Elhot Co , Ky Also, H 2 O « 10. 

Ilia Theoretical composition of spessartite 
Illb Spessartite from Amelia Court House, Va 
IVa Theoretical composition of almandite 
IVb Almandite from Sahda, Colo 
Va Theoretical composition of andradite 

Vb Andradite from East Rock, New Haven, Conn Also, HaO*®.35. 

Vc Schorlormte from Magnet Cove, Ark 
Via Theoretical composition of uvarovite 
VIb Uvarovite from Bissersk, Urals 

The crystals of garnet are usually simple combinations of 00 O(iio) 
(Fig. 166); 202(211) and often 301(321) (Figs 167 and 168), although 
all the other holohedrons are also occasionally met with. Their cleavage 
which is mdistinct is parallel to 00 O(iio). 
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When examined in polarized light many garnets, especially those 
occurring in metamorphic rocks, are doubly refracting and, therefore, 
have not the molecular structure belonging to isometric crystals This 



Fig i 66 —Garnet Crystal (Natural size ) Form w o (no) 



Fig 167 Fig 168. 


Fig 167— Garnet Crystals with 00 0 , no (rf) and 2O2, 211 (w). 

Fig 168 — Garnet Crystal with d and n as in Fig 167 Also 00 O2, 210 (<?) and 3OS 

231 W ' 


phenomenon has been explained as due to several causes, the most rea- 
sonable explanation ascribing it to strains produced in the crystals upon 
cooling 
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The garnets vary in color according to their composition, the com- 
monest color being reddish brown Their luster is Mtreous, their 
streak white, hardness 6-7 5, and density 3 4-4 3 They are transparent 
or translucent Most varieties are easily fusible to a light brown or 
black glass, which in the case of the varieties rich in iron is magnetic 
U\arovite, how^ever, is almost infusible Some garnets are unattacked 
by acids, others are partially decomposed 

Garnets, w^hen in crystals, are easily distinguished from other sim- 
ilarly cr}’stallizing substances by their color and hardness Massive 
garnet may resemble lesuitam'e, spkenCj ztnojt or tziirniaine It is 
distinguished from zircon by its easier fusibility and from vesu\iamte 
by its more difficult fusibihty, from tourmalme by its higher specific 
gravity, and from sphene by the reaction from titanium 

Under the influence of the air and moisture garnets may be partially 
or entirely changed to epidote, muscovite, chlonte, serpentine, and oc- 
casionally to other substances 

Grossulaiite, Essomte, Hessonite, or Cinnamon Garnet occurs 
prmcipally in crystallme schists and m metamorphosed hmestones, 
where it is associated with other calcium silicates It is found also 
in quartz veyis The mmeral is white, bnght yellow, cinnamon-brown 
or some pale shade of green or red. The hghter-colored vaneties are 
transparent or nearly so Those that are colored are used as gems 
Much of the hyacinth of the jewelers is a red grossularite (seep 317) 
Its hardness is about 7 and its density 3 4-3 6 It is fairly easily 
fusible before the blowpipe. The refractive mdex of colorless vari- 
eties for yellow light is, w= i 7438 

Good crystals of grossulante occur at Phippsburg, Ra3miond and 
Rumford, in Maine, and at many other places both in this country and 
abroad Bright yellow^’ varieties are reported from Canyon City, Colo 

Pyrope is deep red, sometimes nearly black. Its hardness is a little 
greater than 7 and its density 3 7 Its refractive index for yellow hght 
is between i 7412 and i 7504 The pure magnesium garnet is unknown 
All pyropes contain admixtures of iron and calcium molecules Many 
pyropes are transparent Those with a dark red color are used as gems 
They occur principally in basic igneous rocks 

The principal occurrence of the gem vanety in this country is in 
Utah, near the Arizona line, about 100 miles west of Ganado, Ariz , 
where it is found lying loose m wind-blown sand 

Rhodolite is a pale rose-red or purple variety from Macon Co., N C 
It consists of two parts pyrope and one of almandite. 
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Spessartite is hyacinth or brownish red, with occasionally a tinge 
of violet The purest varieties are yellow, but since there is nearly 
always an admixture of one of the iron molecules, the more usual color 
IS reddish brown The mineral is usually transparent Its hardness is 
7 or a little greater, and its density 3 77-4 27 Its refractive index for 
yellow light is i 8105 In the blowpipe flame it fuses fairly easily to a 
black, nonmagnetic mass, and with borax gives an amethyst bead It 
IS found in acid igneous rocks and in various schists 

Its best known occurrences in the United States are in granite, at 
Haddam, Conn , in pegmatite, at Amelia Court House, Va , and in 
the lithophyse of rhyolites, near Nathrop, in Colorado 

Almandite is deep red, brownish red or black It is one of the com- 
monest of all garnets It furnishes nearly all the material manufactured 
into abrasives Transparent varieties are also used as gems The min- 
eral has a hardness of 7 and over Its density is 4 1-4 3, and its refrac- 
tive index, », for yellow light, is about i 8100 It is slightly decom- 
posed by HCl Before the blowpipe it fuses to a dark gray or black 
magnetic mass It is found in granites and andesites, and also in various 
gneisses and schists and in ore veins 

Its best known occurrences in North America are at Yonkers and 
at various points in the Adirondacks, N Y , at Avondale, Pa , and on the 
Stickeen River, in Alaska 

Andiadite, or melanite, is black, brown, brownish red, green, brown- 
ish yellow or topaz-yellow. The purest varieties are topaz-yellow or 
hght green and transparent The former constitute the gem topazolite 
and the latter, demantoid The black vanety, melanite, nearly always 
contains titamum It occurs in alkalme igneous rocks, in serpentine, 
in crystalhne schists and in iron ores The most titamferous varieties 
are known as schorlomtte The hardness of andradite is about 7 and its 
density between 3 3 and 41 « for yellow light = i 8566 It is fusible 

before the blowpipe to a black magnetic mass 

The mineral is very widely spread It occurs at Franklin, N J , m 
metamorphosed limestone, near Francoma, N H , in quartz veins, and 
at many other places A black titamferous vanety occurs m a meta- 
morphosed hmestone in southwestern California and near Magnet Cove, 
in Arkansas The vanety found at Magnet Cove is schorlomite It is a 
black glassy mineral associated with brookite (T1O2), nepheline (p 314), 
and thomsonite (p 455) 

Common garnet is a mixture of the grossularite, almandite and 
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andradite molecules It occurs in many metamorphosed igneous rocks 
and in some slates 

Uvarovite is emerald-green It is rare, occurring only with chromite 
in serpentine at Bissersk and Kyschtim in the Urals and m the chromite 
mines at Texas, Penn , and New Idria, Cal Its hardness is about 7 
and density 3 42 Its refractive index for yellow light is i 8384 It is 
infusible before the blowpipe but dissolves m borax, producing a green 
bead 

Syntheses — Garnet crystals have been produced by fusing 9 parts of 
nepheline and i part of augite (p 374) The fusion results m a 
crystalline mass of nepheline, in w’hich spinel and melamte cr}"stals are 
embedded 

Occurreme — ^The members of the garnet group are widely spread in 
nature They occur in schists, slates and other regionally metamor- 
phosed rocks, in granite, rhyohte and other igneous rocks, and as con- 
tact products in limestones They are found also in quartz veins, m 
pegmatite, and associated with other silicates in ore vems. In some 
mstances they separated from a coohng magma, m others they are the 
products of pneumatohtic process, and m others they are the results of 
contact and dynamic metamorphism 

Uses and Produchon — ^The varieties that are transparent are used 
as gems Other varieties are crushed and employed as abrasives The 
value of the gem material produced in the Umted States in 1912 was 
$860 The production for abrasive purposes w^as 4,182 short tons, val- 
ued at $137,800 All of this was produced m the mountain regions of 
New York, New Hampshire and North Carolma The rock is crushed 
and the garnet separated by hand picking, screening, or by jiggmg 
The crushed material is used largely in the manufacture of garnet paper 

NEPHELINE GROUP 

The nepheline group of minerals includes three closely related com- 
pounds, of which nepheline is the most common They are all alumino- 
silicates of the alkalies Nepheline appears to be a solution of S1O2, 
or of albite, in isomorphous nuxtures of the orthosilicates, NaAlSi04 
and KAIS1O4 in the proportion of 8 molecules of the silicates to one of 
S1O2, thus 

8(Na K)AlSi04+Si02=(Na K)o((Na- K) AlSi03)2Al6(Si04)7 

The other two members of the group are eucryptite (LLAlSi04) and 
kahophdite (KAlSi04)* 
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The members of the group crystallize in the hexagonal system and 
are apparently holohedral, but nepheline is hemihedral and hemi- 
morphic (hexagonal pyramidal class) At temperatures above 1,248° 
the nepheline molecule crystallizes also in the trickmc system as car- 
negieito (see p. 418). 


Nepheline ((Na‘K)8Al8Si9034) 

Although approximately a potash-soda silicate, nearly all specimens 
of nepheline contain more or less CaO and nearly all contain small 
quantities of water All contain an excess of S1O2 To avoid the 
necessity of assuimng the existence of this S1O2 m solution with 
(Na K')A1 Si 04, It has been suggested that the variable composition of 
the mineral may be explained by regarding it as a solid solution of 
NaAlSiaOg and CaAl2Si208 (best known in their trichnic forms as 
albite and anorthite) in an isomorphous mixture of the two molecules, 
NaAlSi04 and KAIS1O4 The average of five analyses of crystals from 
Monte Somma, Italy, is shown in I, and the composition of a mass of 
the imneral from Litchfield, Maine, m II 


S102 

AI2O3 

CaO 

MgO 

Na20 

KsO 

H2O 

Total 

I 44 08 

33 28 

I 57 

19 

16 00 

4 76 

IS 

100 03 

II 43 74 

34 48 

tr 

tr 

16 62 

4 SS 

86 

100 25 






When found m crystals, the imneral is apparently holohedral in form 
with an axial ratio i 8389 The crystals are nearly always short 
columnar in habit and usually consist of very 
simple combinations The most prominent 
forms are ooP(ioTo), ooP2(ii2o), oP(oooi), 
2P(202l), P(loTl), |P(ioT 2) and 2P2(lI2l) 
(Fig 169) Their cleavage is imperfect parallel 
toooP(ioIo) and oP(oooi) 

Nepheline is glassy, white or gray and trans- 
parent, when occumng as implanted cr3»’stals 
Fig 169 -Nepheline Crys- translucent variety with a glassy luster 

tal with oP, 0001 (c), occurs in rocks is known as eleohte This 

variety may be gray, pink, brown, yellowish or 
greenish The streak is always white The 
fracture of both forms is conchoidal or uneven; 
hardness, 5-6 and density, 2 6 For yellow light, co= 1.5424, €= i 5375. 


0001 

00 P, loTo (m), P, 101 1 
(p) and 00P2, 1120 (a) 
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Before the blowpipe nepheline melts to a white or colorless blebby 
glass At 1,248° it passes over into carnegieite which melts at 1,526° 
It dissolves in hydrochloric acid with the production of gelatinous 
silica Its powder before and after roasting reacts alkaline 

The mineral is distinguished from other silicates by its crystalliza- 
tion, gelatimzation with acids, and hardness The massive vaneties 
are often distinguishable by their greasy luster 

Nepheline alters to various hydrated compounds, especially to the 
zeolites (p. 445), and to gibbsite, muscovite, cancnmte and sodalite 
Syntheses — Nepheline has been prepared by fusing together AI2O3, 
S1O2 and Na2C03, and by the treatment of muscovite by potassium 
hydroxide. 

Occurrence — ^The mineral occurs principally as an original constit- 
uent of many igneous rocks, both plutonic and volcamc, and also as 
crystals on walls of cavities in them 

Localities — Crystals occur near Eberbach, in Baden, in the inclu- 
sions within volcamc rocks at Lake Laach, in Rhenish Prussia, in the 
older lavas of Monte Somma, Naples, Italy, at Capo de Bove, near 
Rome, in southern Norway, and at vanous other points in southern 
Europe Massive forms are found in coarse-grained rocks near Litch- 
field, Maine, Red Hill, N H , Magnet Cove, Ark., m the Crazy Mts , 
Mont , and at other places 


Cancrinite (H 6 (N'a 2 Ca) 4 (NaC 03 ) 2 Als(Si 04 ) 9 ) 

Cancnmte is extremely complex in composition It is nearly allied 
to nepheline but contains a notable quantity of CO2 It corresponds 
approximately to an hydrated adnuxture of Na2C03 and 3NaAlSi04, 
in which some of the Na is replaced by K and Ca Specimens from 
Barkevik (I) in Norway, and from Litchfield (II), in Maine, yield the 
following analyses: 


S102 

AI2O3 

Fe 203 

CaO 

Na20 

K2O 

CO2 

H2O 

Total 

I 37 

IL 36 29 

26 42 
30 12 

tr. 

7 19 
A 27 

18 36 

19 S6 

18 

7 27 

6 96 

3 12 

2 98 

99 37 
100 36 


Canamite is hexagonal (dihexagonal bipyramidal class). 

Crystals are rare, and those that do exist are very simple, prismatic 
forms bounded by ooP(ioTo), ooP2(ii2o), oP(oooi) and P(ioTi) 
Their axial ratio is i : 4410 
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The mineral is usually found without crystal planes It is colorless, 
white or some light shade, such as rose, bluish gray or yellow Its 
streak is 'white, its luster glassy, greasy or pearly and it is translucent 
Its cleavage is perfect parallel to ooP(ioTo) and less perfect parallel 
to c5oP2 1120) Its break is uneven, hardness s and density 245 
For red light' u)=i 5244; 49SS 

Before the blowpipe the mineral loses its color, swells and fuses to a 
colorless blebby glass In the closed glass tube it loses CO2 and water, 
and becomes opaque After roasting it is easily attacked by weak 
acids with effervescence and the production of gelatinous silica When 
boiled with water Na2C03 is extracted in sufficient quantity to give an 
alkahne reaction 

Cancrimte is easily distinguished by its effcr\^escence with acids and 
the production of gelatinous silica 

Synthesis — Small colorless, hexagonal crystals with a composition 
corresponding to that of cancrimte, have been made by treating mus- 
covite with a solution of NaOH and Na2C03 at 500° 

Occurrence — ^The mineral occurs principally as an associate of neph- 
ehne in certain coarse-grained igneous rocks In some cases it appears 
to be an original rock constituent and in others an alteration product of 
nepheline It sometimes alters to natrohte (see p 454), foiming pseu- 
domorphs 

Localities — Cancrimte is found in rocks at Ditro, Hungary, at 
Barke'vik and other localities in southern Norway, where it occurs in 
pegmatite dikes, in the parish of Kuolajaryi, m Finland, and in nepheline 
syenite at Litchfield m Marne. 

ZIRCON GROUP 

The orthosilicates of zircomum, zircon, and of thorium, thorite, con- 
stitute a group, the members of which possess forms that are almost 
identical with those of rutile, cassitente and xenotime Indeed, parallel 
growths of zircon and xenotime are not uncommon. Formerly zircon 
was grouped with the two oxides. 

Zircon and thorite are tetragonal (ditetragonal bipyramidal class), 
with approximately the same axial ratios and the same pyramidal angles. 
The two minerals are completely isomorphous 

Zircon ZrSi04 a * 6391 in A 111 = $6° 37', 

Thonte ThSi04 =6402 =56° 40^ 

Zircon is fairly common Thorite is rare. 
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Zircon (ZrSi 04 ) 

Zircon, like rutile, is a fairly common compound of a comparatively 
rare metal It is practically the only ore of the metal zircomum. It is 
found mainly in crystals and as gravel 

Although some specimens of zircon contain a large number of ele- 
ments, others consist only of zirconium, silicon and oxygen m propor- 
tions that correspond to the formula ZrSi04, which demands 67 2 per 
cent ZrO and 32 8 per cent S1O2 

Its axial ratio is a: c=i * 6301 Its crystals are usually simple 
combinations of 00 P(iio) and PCiii), with the addition of 00 P 00 (100) 





Fig. 170 — ^Zircon Cr3rstals with ooP, no (w), 00 Poo, 100 (a), 3P, 331 (w), 
P, nr ip) and 3P3, 311 (x) 

Fig X 71 —Zircon Twinned about Poo (ioi) »=2P {221) 


and often 3P3(3ii) (Fig 170) Elbow twins, like those of rutile and 
cassiterite, are known (Fig 171) 

The cleavage of zircon is very indistinct. Its fracture is conchoidal. 
Its hardness is 7.5 and density about 4 7 The mineral varies in tint 
from colorless, through yellowish brown to reddish brown Its streak 
is uncolored and luster adamantine Most varieties are opaque, but 
transparent varieties are not uncommon The orange, brown and red- 
dish transparent kinds constitute the gem known as hyacinth The 
refractive mdices for yellow hght are* (a—i 9302, €=1,9832. 

Zircon is infusible, though colored varieties often lose their color 
when strongly heated In the borax and other beads the mineral gives 
no preceptible reactions. In fine powder it is decomposed by concen- 
trated sulphuric acid. When fused with sodium carbonate on platmum 
it IS likewise decomposed, and the solution formed by dissolving the 
fused mixture in dilute hydrochloric acid turns turmeric paper orange. 
This is a characteristic test for the zircomum salts. 
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The mineral is easily recognized by its hardness, its resistance toward 
reagents and its crystallization 

Syntheses —Small crystals of zircon are obtained by heating for sev- 
eral hours in a steam-tight platinum crucible a mixture of gelatinous 
sihca and gelatinous zircomum hydroxide Crystals have also been 
made by heating for a month a mixture of ZnOa and S1O2 with 6 times 
their weight of hthium bimolybdate 

Occurrence and Ongxn —Zircon is widely spread in tiny crystals as a 
primary constituent m many rocks, and m large crystals in a few, notably 
m limestone and a gramte-like rock known as nephehne syenite In 
limestone it is a product of contact action. It occurs also in sands, 
more particularly in those of gold regions, and abundantly in a sand- 
stone near Ashland, Va 

Locahtws —The principal occurrences of the mineral are Ceylon, the 
home of the gem hpcinth, the gold sands of Austraha, Arendal, 
Hakedal and other places in Norway; Litchfield and other points in 
Marne, Diana, m Lewis Co , and a large number of other places in New 
York, at Readmg, Perm , Henderson and other Counties, in North 
Carolina and Templeton, Ottawa Co , Quebec 

t/jes.— Zircon is the pnncipal source of the zirconium oxide employed 
m the manufacture of gauze used in incandescent gas lights and in the 
manufacture of cylinders for use in procuring a light from the oxyhydro- 
gen jet. The mineral has been mmed for these purposes m Henderson 
Co , North Carohna 

Transparent orange-colored zircons are sometimes used as gems 
since they possess a high index of refraction and consequently have 
a great deal of “ fire ” These are the true hyacinth The mineral 
often called by this name among the jewelers is a yellowish brown 
garnet 

Produdton—k small quantity of zircon is usually obtained from 
Henderson Co., N C , but it rarely amounts to more than a few hundred 
pounds. The mmeral occurs in a pegmatite and the soil overlying its 
outcrop. It IS obtamed by crushing the rock and hand picking Usually 
there is a little also separated from the sands in North Carolina and 
South Carolina that are washed for monazite. A pegmatite dike, rich 
in zircon, is also bemg prospected in the Wichita Mountains, Okla., but 
no mining has yet been attempted. 
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Thorite (ThSiOj 

Thorite occurs in simple crystals bounded by ooP(iio) and Pfiii) 
(Fig 172), and in masses The mineral is always 
more or less hydrated, but this is believed to be 
due to partial weathering It is black or orange- 
yellow {orangetk), has a hardness of 5 and a specific 
gravity of 4 5-5 for black varieties and 5 2-5 4 for 
orange varieties Its streak is brown or hght orange 
Hydrated specimens are soluble in hydrochlonc acid 
with the production of gelatinous silica The min- 
eral occurs as a constituent of the igneous rock, 
augite-syenite, at several points m the neighborhood 
of the Langesundfjord, Norway, 

BASIC ORTHOSILICATES 
ANDALUSHE GROUP 

Three compounds with the empirical formula AkSiOs exist as min- 
erals, kyamte, or disthene, andalustte and silhmamte. The first named is 
less stable with reference to chemical agents than the other two, but at 
high temperatures both kyamte and andalusite are transformed mto 
sillimamte Kyamte is regarded as a metasihcate (A10)2Si03. The 
other two are thought to be orthosilicates (Al(A10)Si04) The latter 
are orthorhombic and both possess nearly equal prismatic angles 
They differ markedly, however, in their optical and other physical 
properties and, therefore, are different substances Kyamte is tnchnic 
For this reason and because of its different composition it is not re- 
garded as a member of the andalusite group A fourth mineral, iopazy 
differs from andalusite in containing fluorine. Often this element is 
present m sufficient quantity to replace all of the ox3^gen in the radical 
(AlO) In other specimens the place of some of the fluorme is taken 
by hydroxyl (OH). The general formula that represents these vana- 
tions is A 1 (A 1 (F 0H)2)Si04 The mineral crj’^stallizes in forms that are 
very like those of andalusite, and if corresponding pyramids are selected 
as groundforms their axial ratios are nearly alike. Unfortunately, 
however, different p3n:amids have been accepted as groundforms, and 
therefore the similarity of the crystallization of the two minerals has 
been somewhat obscured Danbunte, another nuneral that crystallizes 
in the orthorhombic system with a habit like that of topaz is often also 
placed in this group, although it is a borosilicate, thus CaB2 (8104)2. 



Fig 172 — Thonte 
Crystal with 00 P, 
no {m) and P, 
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If 4P2(24i) be taken as the groundform of andalusite, 3^(331) as 
that of topaz and 3 P( 33 i) as that of danburite, the corresponding axial 
ratios would be 

Andalusite a h . c= 5069 i i 4246 

Topaz = 5281 I I 4313 

Danburite = 544 S i i 44^2 

These, however, are not the accepted ratios, since other and more prom- 
inent pyramids have been selected as the groundforms 

Andalusite and SiUimanite (Al(A10)Si04) 

Andalusite and siUimamte have the same empirical chemical compo- 
sition and crystallize with the same symmetry, which is orthorhombic 
holohedral (rhombic bipyramidal class), but they have different physical 
properties and different crystal habits, and hence are regarded as dif- 
ferent minerals The theoretical composition of both is 

Si 02=37 02, Al203=62 98 Total= 160 00 


Nearly all specimens when analyzed show the presence of small 
quantities of Fe, Mg, and Ca, but otherwise they correspond very closely 
to the theoretical composition 

Both minerals are characteristic of metamorphosed rocks, but 
andalusite occurs principally in those that have been metamorphosed by 

contact with igneous mtru- 
sives, while sillimanite is 
especially characteristic of 
crystalline schists and, in gen- 
eral, of rocks that were dy- 
namically metamorphosed It 
also occurs with olivine as in- 
clusions in basalt lavas Silli- 



Fig 173 — Andalusite Crystals with 00 P, no 
(m), oP, 001 (c), Poo, on (5), oopoo, 100 
(6), ooPSo, oio(a), 00 P2, 210 (0, 00 P 2, 

120 (»), Poo, loi (r), P, III (p) and 2P2, 

121 {k) 


mamte is more stable at high 
temperatures than andalusite 
When m contact rocks it is 
found nearer the intrusive 


than andalusite 


Andalusite — ^The accepted axial ratio of andalusite is gB 6 i : i : 7024 
Its crystals are columnar in habit and are usually simple combinations 
of 00 p w (100), 00 p do (010), oP(oOl), «S0 P(lio), 00 P2(2Io), 00 P2(l2o) 
P W (loi), Poo (on) with sometimes P (in) and 2P2(i2i) (Fig 173). 
The angle no A 1^0=89® 12' 
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The mineral, when fresh, is greemsh or reddish and transparent 
Usually, however, it is more or less altered, and is opaque, or, at most, 
translucent, and gray, pink or violet Its cleavage is good parallel to 
00 P(iio) and its fracture uneven Its hardness is 7 or a little less and 
Its density 3 1-3 2 In some speamens pleochroism is marked, their 
colors being olive-green for the ray vibrating parallel to a, oil-green for 
that vibrating parallel to h and dark red for that vibrating parallel to c 
For yellow light the indices of refraction are 16326, 16=16390, 
7=1 6440 

Before the blowpipe the mineral gradually changes to sillimamte and 
is infusible When moistened with cobalt nitrate and roasted it becomes 
blue It IS insoluble in acids 

The mineral is distinguished by its nearly square cross-section, its 
hardness, its mfusibility, and the reaction for Al, and by its manner of 
occurrence in schists and metamorphosed slates 

Some specimens contain as inclusions large quantities of a dark 
gray or black material, which may be carbonaceous, arranged m 
such a way as to give a cross-like figure in cross-sections of crystals. 
Because of the shape of the figure exhibited by these crystals, this 
variety was early called chiastohte^ and was valued as a sacred 
charm. 

Andalusite alters readily to kaolm (p 404), muscovite (p 355), and 
sillimamte It has not been produced artificially 

Occurrence — Andalusite is found principally m clay slates and schists 
that have been metamorphosed by contact with igneous masses, and 
to a less extent in gneisses 

Locdikes — Its principal occurrences are in Andalusia, Spam, at 
Braunsdorf, Saxony, at Gefrees, in the Fichtelgebirge, in Minas 
Geraes, Brazil, and in the United States at Standish, Maine, Westford, 
Mass, and Litchfield, Conn Chiastohte occurs at Lancaster and 
Sterling, Mass 

Use — ^The only use to which andalusite has been put is as a semi- 
precious stone, and for this purpose only the chiastohte variety is of any 
value 

SiUimanite, or fibrohte, occurs principally m acicular or fibrous 
aggregates, on the individuals of which only the prismatic forms 
ooP(iio) and ooPf(23o) and the macropmacoid ooPw(ioo) can be 
detected End faces are not suf&ciently developed to warrant the 
determination of an axial ratio The relative values of the a and i 
axes are 687 : i. The angle 

While most of the fibers correspond in composition very closely to the 
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theoretical value demanded by the formula i\l(A10)Si04, many contain 
small quantities of Fe203, MgO and H2O 

The noineral is yellowish gray, greenish gray, olive-green or brownish 
It has a glassy or greasy luster and when pure is transparent Most 
specimens, however, are translucent, and many of the colored varieties 
show a pleochroism m brown or reddish tints Its cleavage is perfect 
parallel to 00 P 00 (100) Its needles have an uneven fracture trans- 
versely to their long directions Their streak is colorless, hardness 
6-7 and density 3 24 The mdices of refraction for the lighter colored 
varieties are 6603, i 3 = i 6612, 7— i 6818 for yellow light 

Sillimanite reacts similarly to andalusite toward reagents and before 
the blowpipe It is distinguished from other minerals by its habit and 
manner of occurrence. 

This mineral is much more resistant to weathering than is andalusite 
It is, however, occasionally found altered to kaolin On the other hand, 
it IS known also in pseudomorphs after corundum 

Synthesis — ^It has been produced hy coolmg fused silicate solutions 
rich in aluminium 

Occurrence — Sillimamte is very widely spread in schistose rocks, 
especially those that have been formed from sediments It is essentially 
a product of dynamic metamorphism, but is formed also bv contact 
metamorphism, in which case it is found near the intrusive, where the 
temperature was high 

Localities — ^Its principal occurrences in North America are in quartz 
veins cutting gneisses at Chester, Conn , at many points in Delaware 
Co , Penn , and at the Culsagee Mine, Macon Co , N C At the latter 
place and at Media in Penn , a fibrous variety occurs in such large 
masses as to constitute a schist — ^known as fibrohte schist. 

Topaz (Al(Al(F-0H)2)Si04) 

Topaz IS a common constituent of many ore veins and is often present 
on the walls of cracks and cavities in volcamc rocks It occurs massive 
and also m distinct and handsome crystals 

The mineral has a varying composition, which is explained in part 
by the fact that it is a mixture of the two molecules Al(AlF2)Si04 and 
Al(Al(OH)2)SiOi The theoretical composition of the fluorine molecule 
is Si 02=32 6, Al203=SS 4j F=2o 7=108 7, deduct (0 = 2F)8 7 
= 100.00. A specimen from Flonssant, Colo , gave. 

Si02 = 33 IS) Al203 = 57oi, F=i6 04=106 20— 6 7s(0=F) = 99 45. 
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Crystals of topaz appear to be orthorhombic (rhombic bipyramidal 
class), but the fact that they are pyroelectric and that they frequently 
exhibit optical phenomena that are not in accord with the symmetry of 
orthorhombic holohedrons suggests that they may possess a lower grade 
of symmetry On the assumption that the mineral crystallizes with the 
symmetry of orthorhombic holohedrons the axial ratio of fiuorme varie- 
ties IS 5281 I 4771 ^ With the mcreasmg presence of OH, however, 
the relative length of a increases and that of c dimimshes The angle 

iioAii‘o=S5° 43'- 

The crystals are usually pnsmatic in habit with ooP(iio) and 
00 P2(i2o) predominating They are notable for the number of forms 




Fig 174 — ^Topaz Crystals with 00 P, no (m), 00 pT, 120 (Z), P, iii (u), 2P, 221 (0) 
4P 06 , 041 (y) and 00 P 5 , 010 (6) 

Fig 175 — ^Topaz Crystal with w, I, n and y as in Fig 174. Also 2P00 , 021 (/), 
|P 00 , 043 (Z) and 2P « , 201 (d) 

that have been observed on them, especially in the prismatic zone and 
among the brach3q)yramids The number of the latter that have 
already been identified is about 45 

The three types of crystals that are most common are shown in 
Figs 174, 175 and 176 Their most pronunent forms are ooP(iio), 
ooP2(i2o), Po 6 (oii), P(iii), fP(223), 4P^(o4i), ®oP3(i3o) and 
oP(ooi). Often planes are absent from one end of the vertical axis, 
but since the etch figures on the pnsmatic planes do not indicate hemi- 
morphism, the absence of the lacking planes is explamed as bemg due to 
unequal growth The planes of the pnsmatic zone are usually striated 
The mineral is colorless, honey yellow, yellowish red, rose and rarely 
bluish. When exposed to the sunlight the colored varieties fade, and 

The more commonly accepted axial ratio is g : 6 : 6= 5285 : i ; . 9539 » the form 
aP(22i) being taken as the groundform. 
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Fig 176 — ^Topaz Crystal with w, I, y, 
f, d, 0 and tt as m Figs 174 and 175 
Also §P, 223 W, oP, 001 {c) and 
4P ^ , 401 (p) 


when intensely heated some honey-yellow crystals turn rose-red Its 
cleavage is perfect parallel to oP(ooi) and imperfect parallel to P 08 (on) 
and P 00 (loi) The hardness of the mineral is 8 and its density 3 5-3 6 
Its refractive indices for yellow light are «= i 6072, j8= i 6104, 7= i 6176 
for a variety containing very httle OH, and a =16294, / 3 = 16308, 

7=16375 for a variety rich in 
hydroxyl The indices of refraction 
being high, the mineral when cut 
exhibits much brilliancy — a feature 
which, together with its hardness, 
gives it much of its value as a 
gem. 

Topaz IS infusible before the 
blowpipe and is insoluble in acids 
At a high temperature it loses its 
fluorine as silicon and aluminium 
fluorides The mineral also ex- 
hibits pyroelectrical properties, but 
these are apparently distributed without regularity m different 
crystals Many crystals contain inclusions of fluids containing bubbles, 
and sometimes of two immiscible fluids the nature of which has not yet 
been determined It has been thought that the principal fluid present 
IS liquid carbon-dioxide or some hydrocarbon 

The mineral is distingmshed from yellow qtiartz by its crystalliza- 
tion, its greater hardness and its easy cleavage 

Topaz IS frequently found coated with a micaceous alteration product 
which may be steatite (p 401), muscovite (p 355) or kaolin (p 404) 
Synthesis — Crystals have been made by the action of hydrofluosilicic 
acid (H2S1F6) upon a mixture of silica and alumina in the presence of 
water at a temperature of about 5cx>®. 

Occurrence — mineral occurs principally in pegmatites, espe- 
cially those containing cassiterite, m gneisses, and in acid volcanic rocks 
In all cases it is probably the result of the escape of fluorine-bearing 
gases from coohng igneous magmas. 

Locatihes — ^Topaz is found in handsome crystals at Schneckenstein 
in Saxony, m a breccia made up of fragments of a tourmalme-quartz 
rock cemented by topaz. It occurs also in the pegmatites of the tin 
mines in Ehrenfnedersdorf, Marienberg and other places in Saxony, 
Bohemia, England, etc , on the walls of cavities in a coarse granite in 
Jekatennburg and the Hmengebirge, Russia, in veins of kaolin cutting 
a talc schist in Mmas Geraes m Brazil; and m the cassitente-beanng 
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sands at San Luis Potosi, Durango and other points m Mexico In the 
United States it occurs on the walls of ca\’ities m acid volcanic rocks, at 
Nathrop, Colo , in the Thomas Range, Utah, and other places It occurs 
also in veins \Mth muscovite, fluonte, diaspore and other mmerals at 
Stoneham, Maine, and Trumbull, Conn 

U ses and P? oducHon — ^Topaz is used as a gem About 36 lb , valued 
at $2,675, was produced in the Umted States m 1911. In the following 
year the production was valued at only $375. 

Danburite (CaBa (8104)2) 

Danburite, vrhich is a comparatively rare mineral, is a calcium 
borosilicate with the followmg theoretical composition 8102=4884, 
B2O3 = 28 39 and CaO= 22 77 Usually, however, there are present in it 
small quantities of AI2O3, Fe203, Mn203 and H2O Thus, crystals from 
Russell, Nevr York, contain 

S1O2 B2O3 AI2O3, etc H2O CaO Total 
49 70 25 80 I 02 20 23 26 99 98 

The mineral crystallizes m the orthorhombic system (rhombic bipy- 
ramidal class), with an axial ratio 5445 : i 4801 Its crystals are 
usually prismatic in habit They contain a great number of forms, of 
which 00 P ^ (100), 00 P 06 (010), CO P2(i2o), 00 P4(i4o), and co P(iio) 
among the prisms, 2P4(i42), 2P2(i2i) among 
the pyramids and oP(ooi) are the most prom- 
inent (Fig. 177). The angle iioAiIo^ 

57 ° 8 '. 

When fresh and pure the mineral is trans- 
parent, colorless or light yellow, but when 
more or less impure is pink, honey-yellow or 
dark browm Its streak is white, and luster 
vitreous Its cleavage is imperfect parallel to fig 177 —Danburite Cr>s- 
oP (001) and its fracture uneven or conchoidal tal with oop, no (w), 

Its hardness is about 7 and density 2 95-3 02 00P2, j2o (/), Poo , loi 

Its refractive indices for yellow hght are 2P^2,i2i(r)and4Poo, 
6317, i 3 =i 6337, 7=1 6383 

Before the blowpipe the inmeral fuses to a colorless glass and colors 
the flame green It is only slightly attacked by hydrochlonc acid, but 
after roasting is decomposed with the formation of gelatinous sihca. 
It phosphoresces on heating, glowing with a red light. 

Origin — ^Danburite is probably always a product of pneumatolytic 
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action, as it is found in quartz and pegmatite veins in the vicinity of 
Igneous rocks and on the walls of hollows within them 

Locahkes —Its principal occurrences in this country are at Danbury, 
Conn , where it is in a pegmatite, and at Russell, N Y , on the walls of 
rocks and hollows in a granitic rock Its principal foreign occurrence is 
at Piz Valatscha, in Switzerland. 

EPIDOTE GROUP (CaaR"'3(0H)(Si04)3) 

The epidote group comprises six substances, of which two are di- 
morphs with the composition Ca2Al3 (OH) (8104)3 = Ca2Al2(A10H) (8104)3 
One of these, known as zmite, crystallizes in the orthorhombic system, 
and the other, known as chjiozomte, m the monoclmic system The 
other four are isomorphous wuth clmozoisite These are hwncockiie^ 
epidote, piedmoniite and allamte The composition and comparative 
axial ratios of the four commoner isomorphs are as follows (assuming 
JP(Ti 2) as the groundform of clmozoisite) 

Clmozoisite Ca^Ala (OH) (8104)3 i 4457 . i * i 8057 

Epidote Ca2(Al Fe)3 (OH) (8104)3 15807 i i 8057, iS=64® 36' 

Piedmontite Ca2(Al Mn)3 (OH) (8104)3 i 6100 i i 8326, =564® 39' 

Allamte Ca2(Al Ce Pels (OH) (8104)3 i 5509 i i 7691, 18=864® 59' 

Chnozoisite is rare, though its molecule occurs abundantly m iso- 
moiphous mixtures with the corresponding iron molecule in epidote 

Zoisite (Ca 2 Al 3 ( 0 H)(Si 04 ) 3 ) 

Zoisite is a calcium, aluminium orthosilicate containing only a small 
quantity of the corresponding iron molecule The theoretical composi- 
tion of the pure Ca molecule is 

810=3952, Al203=33 92, CaO=24S9, H20=i97 Total=ioooo 

Colored varieties contain a little iron or manganese Green crystals (I), 
from Ducktown, Tenn , and red crystals {thuhte) (II), from Kleppan, m 
Norway, analyze as follows 

S1O2 AI2O3 Fe203 FeO CaO MgO Mn203 Na20 H2O Total 
I 39 61 32 89 91 71 24 50 14 2 12 100 88 

n 42,81 31 14 2 29 18 73 I 63 1 89 64 99 13 

Zoisite crystallizes in the orthorhombic system (orthorhombic bi- 
pyramidal class), with the axial ratio 6196 : i 3429, Its crystals are 
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usually simple and without end faces The most frequent forms are 
00 P(iio), 00 P4(i4o), 00 P 00 (oio) P(iii), 2P So (o2i) and4P 00 (041) 
are the commonest terminations (Fig 178) The crystals are all pris- 
matic and are striated longitudinally Their 
cleavage is perfect parallel to 00 p 06 (010) 

The angle iioAi7o=63° 34'. 

The mineral is ash-gray, yellowish gray, 
greenish white, green or red in color and has a 
white streak The rose-red variety, contain- 
ing manganese, is known as thuhte Very 
pure fresh zoisite is transparent, but the ordi- 
nary forms of the mineral are translucent 
Its luster is glassy, except on the cleavage 
surface, where it is sometimes pearly Its 
fracture is uneven Its hardness is 6 and 
density about 33 In specimens from Duck- 
town, Tenn , af=i 7002, j8=i 7025, 7=1 7058 
for yellow light A notable fact in connection Fig 178— Zoisite Crystal 
with this mineral IS that with increase of the with«p, no (w), <»Po6, 
molecule Ca2Fe3(0H)(Si04)3 m the mixture 140 (/), 

the plane of its optical axes tends to change 
from oP(oio) to 00 P ^ (001) 

Zoisite fuses to a clear glass before the blowpipe and gives off water, 
which causes a bubbling on the edges of the heated fragments It is 
only slightly affected by acids, but after heating it is decomposed by 
hydrochlonc acid with the production of gelatinous silica 

Occurrmce — ^The mineral occurs as a constituent of crystalline 
schists, especially those rich m hornblende, or of quartz veins traversmg 
them It is also a component of the alteration product known as 
saussxmtt which results from the decomposition of the plagioclase 
(p. 418) m certain basic, augitic rocks known as gabbros It is thus a 
product of metamorphism 

Localities — Gk)od crystals of zoisite are found near Pregratten m 
Tyrol, at Kleppan (thuhte), Parish Souland, Norway, and m the ore 
veins at the copper names of Ducktown, Tenn , where it is associated with 
chalcopyrite, pynte and quartz. 

Epidote (Ca 2 (Al-Fe) 3 (OH)(Si 04 ) 3 ) 

Epidote, or pistazite, differs from the monoclimc dimorph of zoisite 
(clmozoisite) in contammg an admixture of the corresponding iron sib- 
cate which is unknowntx as an independent mmeral. 
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Since it consists of a mixture of an aluminium and an iron compound 
Its composition necessarily vanes The four lines of figures below give 
the calculated composition of mixtures containing 15 per cent, 21 per 
cent, 30 per cent and 40 per cent of the iron molecule 


Per cent 

S1O2 

AI2O3 

Fe203 

CaO 

H20 

Total 

IS 

38 60 

28 80 

6 6s 

24 02 

1 93 

100 00 

21 

38 23 

26 76 

9 32 

23 78 

1 91 

100 00 

30 

37 67 

23 71 

13 31 

23 43 

I 88 

100 00 

40 

37 04 

20 32 

17 7S 

23 04 

I 8s 

100 00 


Most specimens contain small quantities of Mg, Fe, Mn, Na or K 

Epidote IS isomorphous with clinozoisite, crystallizing in the mono- 



Fig 179 — ^Epidote Ctystals with 00 P 00 , 100 (a), oP, 001 (c), P ^ , lol (r), iP So , 
102 W, P, III («) and P w , on (0) 



'Fig 180 — Epidote Crystals with g, c, r, t, n and 0 as m Fig 179 Also 00 P, 
iio(w), 2P5 o, 201 (Q, -P 56 , loi (e), -3PJ, 231 {p) and JP2, 423 (/) 


clinic system (monoclimc prismatic class), with the axial ratio i 5787 i 
: 18036. p—64^ 36'. The mineral is remarkable for its handsome 
crystals, many of which are extremely rich in forms The crystals are 
usually columnar in consequence of their elongation parallel to the b 
axis The most prominent forms are 00 P w (100), oP(ooi), ^P 56 (20T) 
P w (loT), P(ii i), 00 P(iio) and P ^ (on) (Fig, 179 and 180) In addi- 
tion to these, over 300 other forms have been identified Twinning 
IS common, with ooPw(ioo) the twinning plane The angle no A 
iIo= 109° 56'. 

Epidote IS yellowish green, pistachio green, dark green, brown or, 
rarely, red It is transparent or translucent and strongly pleochroic. 
In green varieties the ray vibrating parallel to the b axis is brown, that 
vibrating nearly parallel to yellow, and that vibrating perpendicular to 
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the plane of these two is green Its luster is glassy and its streak gray 
Its cleavage is very perfect parallel to oP(ooi) Its hardness is 6 5 and 
density 3 3 3 5 The refractive indices for yellow light m a ciy^stal 

from Zillerthal are qj= 17238, ^=17291,7=17343 They increase 
with the proportion of the iron molecule present, bemg i 7336, i 7593 
and I 7710 :n a specimen containing 27 per cent of the iron epidote 

The varieties that have been given distinct names are. 

BucMafidtte, a greemsh black variety in crystals that are not elon- 
gated, 

Wtiharntte, a bright red variety containing a httle MnO. 

Fragments of the mineral when heated before the blowpipe yield 
water and fuse to a dark brown or black mass that is often magnetic 
With increase in iron fusion becomes more easy. Before fusion epidote 
IS practically insoluble in acid. After heating HCl decomposes it with 
the separation of gelatinous sihca 

The ordinary forms of the mineral are charactenzed by their yellow- 
ish green color, ready fusibihty and crystallization 

Occurrence and Origin — ^Epidote occurs m massive veins cutting crys- 
talline schists and igneous rocks, as isolated crystals and druses on the 
walls of fissures through almost any rock and m any cavities that may 
be m them, and as the principal constituent of the rock known as epi- 
dosite It is a common alteration product of the feldspars (p. 408), 
pyroxenes (p 364), garnet, and other calaum and iron-bearmg minerals 
Pseudomorphs of epidote after these mmerals are well known. The 
mineral is a weathering product, but is more commonly a product of 
contact and regional metamorphism. 

It has not been produced artificially 

Localities — ^Epidote crystals are so widely spread that only a few of 
the important localities m which they have been found can be mentioned 
here. Particularly fine crystals occur m the Sulzbachtibal, Salzburg, 
Austria, in the Zillerthal, in Tyrol, near Zermatt, m Switzerland, in 
the Alathal, Traversella, Italy, at Arendal, Norway, m Japan, at 
Pnnce of Wales Island, Alaska, and at many other pomts m North 
Amenca 

Piedmontite (Ca 2 (Al'Mii) 3 (OH) (8104)3) 

Piedmontite is the manganese epidote, diffenng from the ordmary 
epidote in possessing manganese in place of iron Usually, however, 
the iron and the manganese molecules are both present. T3rpical analy- 
ses of crystals from St. Marcel, in Piedmont, Italy (I), Otakisan, Japan 
(II), and Pine Mt , near Monterey, Md (HI), follow 
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SiOa 

AI2O3 

Mn203 MnO 

Fe 203 MgO 

CaO 

H2O 

Total 

I 

35 68 

18 93 

14 27 3 22 

I 34 


24 32 

2 24 

100 00 

II 

36 16 

22 52 

6 43 * 

9 33 

40 

22 05 

3 20 

100 53’ 

III 

47 37 

18 ss 

6 85 I 92 

4 02 

25 

IS 82 

2 08 

H 

0 

0 

0 

Ca 


* II contains also 44 per cent Na20 The MniOs contained also MnO 


III contains also 2 03 per cent of the oxides of rare earths, 14 per cent PbO, 
II per cent CuO, 23 per cent Na.O and 68 per cent K2O The specimen contained 
also a little admixed quartz which was determined with the SiOj 

The axial ratio of piedmontite is i 6100 i . i 8326 18=64® 39' 

Its crystals are similar m habit to those of epidote, but they are much 
simpler The most prominent forms are 00 P 60 (100), oP(ooi), P(Iii), 
^P5 o(Io 2), ooPob(oio) and ooP(iio) Twins are fairly common, 
with 00 P 06 (100) the twinning plane. 

The mineral is rose-red, browmsh red or reddish black It is trans- 
parent or translucent and strongly pleochroic in yellow and red tints 
and has a glassy luster and pink streak It is brittle, and has a good 
cleavage parallel to oP(ooi) Its hardness is 6 and density 3 40. Its 
refractive indices are the same as those of epidote. 

Before the blowpipe piedmontite melts to a blebby black glass and 
gives the manganese reaction in the borax bead. It is unattacked by 
acids until after heatmg, when it decomposes m HCl with the separation 
of gelatinous silica 

It is characterized by its color and hardness and by its manganese 
reaction 

Occurrence and Origin — ^Piedmontite occurs as an essential constit- 
uent of certain schistose rocks that are known as piedmontite schists 
It occurs also in veins and in certain volcanic locks, where it is probably 
an alteration product of feldspar. Its methods of origin are the same 
as those of epidote 

Localities — Good crystals are found in the manganese ore veins at 
St. Marcel, Piedmont, on ilmemte in crystalline schists on the Isle of 
Groix, off the south coast of Brittany, and at a number of points on the 
Island of Shikoku, Japan, in crystalline schists and in ore veins In 
the United States it is so abundant in the acid volcanic rocks of South 
Mountain, Penn,, as to give them a rose-red color, 

AUanite (Ca 2 (Al-Ce-Fe )3 (OH) (8104)3) 

Allanite is a comparatively rare epidote in which there are present 
notable quantities of Ce, Y, La, Di, Er and occasionally other of the 
rarer elements Since cerium is present in the largest quantity the 
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formula of the mineral is usually wntten as above, with the under- 
standing that a portion of the cenum may be replaced by yttnum and 
the other elements Some idea of the complex character of the mmeral 
may be gained from the two analyses quoted below The first is of 
crystals from Miask, Ural, and the second of a black massive variety 
from Douglas Co , Colo 



I 

II 

SI02 

30 81 

31 13 

A1203 

16 25 

II 44 

Fe203 

6 29 

6 24 

Ce203 

10 13 

12 50 

BeO 


27 

D12O3 

3 43 

1 10 98 

La203 

6 35 

Y2O3 

I 24 


FeO 

8 14 

13 59 

MnO 

2 25 

61 

MgO 

13 

16 

CaO 

10 43 

9 44 

K2O 

S3 

tr 

Na20 


S6 

H2O 

2 79 

2 78 

CO2 


21 

Total 

98 77 

99 81 


AUamte rarely occurs in crystals, but when these are found they are 
usually more complex than those of piedmontite but much less compli- 
cated than those of epidote. Their axial ratio is i 5509 : i : 1 7691 
with jS=64° S 9 ' Their habit is like that of epidote crystals Common 
forms are 00 P 00(100), oP(ooi), ooP(iio) Twms are like those of 
epidote The mmeral usually occurs as massive, granular or columnar 
aggregates, or as lU-defined columnar crystals resembhng rusty nails 
It sometimes forms parallel intergrowths with epidote. 

It IS black on a fresh fracture and rusty brown on exposed surfaces, 
and has a greenish gray or brown streak It has a glassy luster and is 
translucent in thm splmters, with greemsh gray or brownish tmts and 
is pleochroic in various shades of brown Its hardness is $-6 and 
density 3-4, both varying with freshness and composition The cleav- 
ages are imperfect and the fracture uneven Its indices of refraction 
are nearly the same as those of epidote. 
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Small fragments of fresh allanite fuse to a blebby black magnetic 
glass before the blowpipe and are decomposed by HCl with the separa- 
tion of gelatinous silica 

Allamte is distinguished by its color, manner of occurrence, and the 
reaction for water in the closed tube 

The mineral alters readily on exposure to the weather, yielding 
among other compounds mica and limomte 

Occurrence — ^Allamte occurs as an original constituent in some 
granites, and other coarse-grained rocks It is found also in gneisses, 
occasionally m volcanic rocks and rarely as a metamorjihic mineral in 
crystalline limestones 

Localities — ^The best crystals have been found m the druses of a 
volcanic rock at Lake Laach, Prussia, in coarse-grained granitic rocks 
at several places in the Tyrol, in the limestone at Pargas, Finland, and 
at various points in Ural, Russia Massive allanite occurs in the coarse 
gramte veins at Hittero, Norway and as the constituents of granites 
at many places in the United States Parallel intergrowths with epidote 
are foxmd m gramte at Ilchester, Md 

CHONDRODITE GROUP 

The chondrodite group of minerals includes four members of the 
general formula (Mg(F 0H)2)Mg:r(Si04)y m which x equals i, 3, 5, 7, and 
y, I, 2, 3, 4 Of these, one (humite) may be orthorhombic The other 
three are monoclinic with the angle fi=go° The four members of the 
group with their compositions and axial ratios are 

Prolechte (Mg(F 0H)2)Mg(Si04) i 0803 • i • i 8862 

Chondrodite (Mg(F OH)2)Mg3 (8104)2 i 0863 i 3 1445 

b ^ 

Humite (Mg(F 0H)2)Mg5(Si04)3 i 0802 *1.4 4033 

Clinohumite (Mg(F 0H)2)Mg7(Si04)4 i 0803 ' i ' $ 6588 ^^go 

To show the similarity m the ratios between the lateral axes of the 
four minerals, the & axis of humite is written as i Chondrodite, humite 
and clinohumite frequently occur together Chondrodite has been 
reported at more localities than either humite or clinohumite, but it is 
not certam that much of it is not chnohumite The three minerals 
resemble one another very closely They are relatively unstable under 
conditions prevailing at moderate depths in the earth’s crust, passing 
easily into serpentine, brucite or dolomite Only chondrodite is de- 
senbed. 
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Chondrodite (Mg3(Mg(F-OHj2) (8104)2) 

Chondrodite is a rather uncommon imneral that occurs mainly as a 
constituent of metamorphosed limestones that have been penetrated 
by gases and water emanating from igneous rocks It is a characteris- 
tic contact mineral 

Its composition varies somewhat m consequence of the fact that OH 
and F possess the power to mutually replace one another The two 
analyses below are typical of varieties containmg a maximum amount 
of F 


S102 

MgO 

FeO 

H2O F F=0 

Total 

I 33 77 

57 98 

3 96 

I 37 5 14=102 22—2 16 

100 06 

n 35 42 

54 22 

5 72 

9 00=104 36—3 78 

100 58 


I. Crystals from limestone inclusions in the lava of Vesuvius 
II, Grains separated from the limestone of the Tilly Foster Iron Mme, Brewster, 
N Y 


Chondrodite is monoclimc (pnsmatic class), with an axial ratio 
I 0863 : I : 3 1445 iS=9o® The crystals vary widely m habit and 
are often complex The forms oP(ooi), 

00 P 66 (100), 00 P 6b (010) and various umt 
and clinch emipyramids of the general symr 
bol xPi are frequently present, but other 
forms are also common (Fig 181) Twin- 
ning about oP(ooi) is also common 
Usually, however, the mineral occurs m 
little rounded grains, in some instances 
showing crystal faces, scattered through Fig 181 — Chondrodite Ciys- 



limestone 

When fresh, chondrodite has a glassy 
luster, is translucent and is white or has a 
light or dark yellow, brown or garnet color 
It has a distinct cleavage parallel to oP(ooi), 
a conchoidal fracture, a hardness of 6 and 
a density of 3 15 Its refractive indices 
for yellow light are: 

I 639 


tal with oP, 001 (c), iP 5 b , 
012 (i); fr2, 127 (n); fF2, 
iaS W. 123 (rt), 

— 2 P 2 , 1 21 (u), — P, III 

(»2), P, III (-«2); iPs, 

103 (fi),^P^, loi 
and — PoQ, loi (a) The 
a axis runs from nght to left 
and the upper left hand 
octant IS assumed to be 
nunus 


Before the blowpipe chondrodite bleaches 
without fusing With acids it decomposes with the production of 
gelatmous silica 



334 


DESCRIPTIVE MINERALOGY 


It weathers readily to serpentine, chlorite and brucite, and conse- 
quently many grains are colored dark green or black 

Occurrence — Chondrodite, as has been stated, occurs m meta- 
morphosed limestones It also occurs in sulphide ore bodies and in a 
few mstances m magnetite deposits It is probably in all cases a pneu- 
matolytic or metamorphic product 

Localtkes — It is found as crystals in the blocks enclosed m the lavas 
of Vesuvius, in the copper mines of Kapveltorp, Sweden, in limestone 
in the Parish of Pargas, Finland, and at the Tilly Foster Iron Mine, at 
Brewster, N Y It occurs as grains in the crystalline limestone of 
Sussex Co , N J , and Orange Co , N Y. 

DATOLTTE (IROUP 

The members of the datolite group are four in number, but 
of these only two, viz , datohte (Ca(B 0H)Si04) and gadolmite 
(Be2Fe(Y0)2(Si04)2) are of sufficient importance to be described here 
Both minerals crystallize similarly in the monoclmic system fmono- 
clinic prismatic class), with axial ratios that are nearly alike 

Datolite h c^ 6345 i i 2657 18 = 89® 51' 

Gadolmite a h 6273 i 13215 26Y 

Datolite (Ca(B 0H)Si04) 

Datolite, or dathohte, is characteristically a vein mineral 

The composition corresponding to the 
formula given above is 

SiO=37 54, B20 .i = 2i 8^; CaO=3Soo, 
H20 =s. 63 Total =100 00 

Some specimens contain a little AbO.} and 
Fe20a but, in general, crystals that have 
been analyzed give results that are in 
close accord with the theoretical com- 
position. 

The mineral crystallizes in fine crys- 
tals that are often very complicated (Fig 
182) About IIS different forms have 
been observed on them. Because of the 
suppression of some faces by irregular 
growth many of the crystals are columnar in habit, others are tabular. 
Most crystals, however, are nearly equi-dimensional The angle 



Fig 182 — ^Datolite Crystal with 
oopWjioo (a), ooP, iio(w), 
—Poo, 101, — iPoo, 102 

(2:); -P, III («), -P2, 212 
P « , on (wjp) and §P cS , 
012 (g) 
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1 10 A 110=64® 40' The mineral occurs also in globular, radiating, 
granular and massi\ e forms 

Datolite IS colorless or white, when pure, and transparent Often, 
however, it is greenish, yellow, reddish or violet, and translucent. Its 
streak is white and its luster glassy It has no distmct cleavage Its 
fracture is conchoidal Its hardness is 5 and its sp gr about 3. Some 
crystals are pyroelectric For yellow light, 16246, /3= 1.6527, 
7=1 6694 

Before the blo^Tpipe it swells, and finally melts to a clear glass and, 
at the same time, it colors the flame green Its powder before heating 
reacts strongly alkalme. After heating this reaction is weaker. The 
mineral loses water when strongly heated, and yields gelatmous sihca 
when treated with hydrochloric acid. 

The mineral is characterized by its crystallization, its easy fusibility 
and the flame reaction for boron 

Synthesis — ^Datolite has not been produced artificially. 

Occurrence^ Origin and Localities — ^It occurs on the walls of clefts 
in Igneous rocks, in pegmatite vems and associated with metalhc com- 
pounds in ore veins. It is found in many ore deposits of pneumatolytic 
origin, notably at Andreasberg in the Harz Mts , at Markirch, in 
Alsace, in the Seisser Alps, m Tyrol, m the Serra dei Zanchetti m the 
Bolognese Apennines, at Arendal, Norway, and at many other places 
In North Amenca it occurs at Deerfield, Mass , at Tariffville, Conn , 
at Bergen Hill, N J , and at several pomts m the copper distncts of 
the Lake Superior region 

Gadolinite (Be 2 Fe(Y 0 ) 2 (Si 04 ) 2 ) 

Gadohnite is a rather rare mineral with a composition that is not 
well established Its occurrence is limited to coarse granite vems or 
dikes — ^pegmatites — of which it is sometimes a constituent. 

Its theoretical composition is as follows, on the assumption that it is 
analogous to that of datolite < 

SiO= 25 56, ¥203=4844, FeO=iS32; BeO=io68 Total=ioooo, 
but nearly all specimens contain cenum oxides. Others contain nota- 
ble quantities of erbium or lanthanum oxides and small quantities of 
thorium oxide Nearly all show the presence of Fe203, AI2O3, CaO and 
MgO, and m some hehum has been found 

The mineral is found massive and in rough crystals with an axial 
ratio a : & : c= 6273 : i : 1 3215 jS— 89® 26J'. The crystals show 
comparatively few forms, of which ooP(iio), oP(ooi), P^(oii), 
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JP 00(012), P(Tii) and --P(iii) are the most common The> are 
usually columnar in habit and are lough and coarse The angle 
iioAiTo=64° 12' 

Gadohiiite is usually black or greenish black and opaque or trans- 
lucent, but very thin splinters of fresh specimens are translucent or 
transparent in green tints Its luster is glassy or resinous, streak 
greemsh gray and fracture conchoidal Its hardness is 6-7 and its 
density about 4-4 $ Upon heating the density increases Many crys- 
tals appear to be made up of isotropic and anisotropic substance, and 
some to consist entirely of isotropic matter This phenomenon has 
been explained in a number of different ways, but no one is entirely satis- 
factory. In general, the isotropic material is believed to be an amor- 
phous alteration form of the anisotropic variety It may be changed 
into the amsotropic form by heating 

The crystallized gadolmite swells up m the blowpipe flame without 
becoming fused and retains its transparency The amorphous variety 
also swells without melting, but yields a grayish green translucent mass 
The mineral phosphoresces when heated to a temperature between that 
of meltmg zinc and silver. After phosphorescing it is unattacked by 
hydrochloric acid Before heating it gelatinizes with the same reagent 
The nuneral is weakly radioactive 

Localihes and Origin — Gadolmite occurs in the pegmatites of Ytterby 
near Stockholm, and of Fahlun, Sweden, on the Island of Hittero, in 
southern Norway, in the Radauthal, in Harz, at Barringer Hill, Llano 
Co , Texas, as nodular masses and large rough crystals, and at Devirs 
Head, Douglas Co , Colo In the last locality it occurs in a de- 
composed granite as a black isotropic variety with a very complex 
composition Specimens analyzed as follows 



I 

n 


I 

n 

S102 

22 13 

21 86 

FeO 

10 43 

II 36 

Th02 

89 

81 

BeO 

7 19 

5 46 

AI 2 O 3 

2 34 

S 4 

CaO 

34 

47 

Fe203 

1 13 

3 S 9 

H2O 

86 

74 

CeaOs 
(La Di )203 

II 10 

21 23 

6 87 
19 10 

Other 

60 

79 

Y 2 O 3 

Er203 , , . 

• 9 5 ° 

• 12.74 

12 63 
IS 80 

Total 

.. 100 48 

100 02 


It has apparently m some cases solidified from an igneous magma. 
In others it is of pneumatolytic origin 
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Staurolite (Fe(A 10 H)(AI 0 ) 4 (Si 04 ) 2 ) 

Staurolite is a mineral that is mterestmg from the fact that it fre- 
quently forms twinned crystals that resemble a cross m shape, and which 
consequently, dunng the Middle Ages, was held in great veneration 
Its composition is not well estabhshed The composition mdicated by 
the formula above is as shown in the first Ime below (I) Three analyses 


are 

quoted 

in the next three lines 




^ 


SiOa 

AI2O3 

Fe 203 

FeO 

MgO 

H2O 

T1O2 

Total 

I 

26 3 

SS 9 


IS 8 


2 00 


100 00 

II 

27 38 

54 20 

6 83 

0 13 


I 43 


98 97 

III 

30 23 

SI 16 


14 66 

2 73 

I 26 

29 

100 33 

IV 

27 91 

52 92 

6 87 

7 80 

3 28 

I 59 


100 37 


I Theoretical composition 
II From Monte Campione, Switzerland 

III From Morbihan, France 

IV From Chesterfield, Mass 

Staurolite crystallizes in the orthorhombic system (bipyramidal 
class) m simple crystals with the axial ratio 4734 * i : 6828 The indi- 



Fig 183 


Fig 184 



Fig 183 — Staurolite Crystal with 00 P, no (w), 00 Poo, 100 (6), oP, 001 (c) and 

P w , loi (r) 

Fig 184 — Staurolite Crystal Twinned about |P 00 (032) 

Fig 185 — Staurolite Crystal Twinned about fp} (232) 


vidual crystals are usually bounded by 00 P(iio), 00 P (001), P ^ (loi) 
and often oP(ooi), but all their faces are rough (Fig 183) The angle 
no A 1^0= so^ 40' More common, however, than the simple crystals 
are mterpenetration twins The most common of these are of two ^nds, 
(i) with fP 06 (032) the twinning plane (Fig 184), and (2) with fP|(232) 
the twinning plane (Fig. 185) Both types of twins 3aeld crosses, but 
the arms of the first t3rpe are perpendicular to one another and those of 
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the second type make angles of about 6o° and 120° Sometimes the 
twinning is repeated, giving rise to triUmgs 

The mineral is reddish or blackish brown, and has a glassy or greasy 
luster. Its streak is white It is slightly translucent m fresh crystals, 
but usually is opaque In very thin pieces it is pleochroic in hyacinth- 
red and golden yellow tints Its cleavage is distinct parallel to 00 P 06 
(010) and indistinct parallel to ooP(iio) Its fracture is conchoidal, 
Its hardness 7 and its density 34-3^ yellow light, aj=i 736, 

/3=i 741, 7= I 746 

Before the blovrpipe staurolite is infusible, unless it contains man- 
ganese, in which case it fuses to a black magnetic glass It is only 
slightly attacked by sulphuric acid 

It is distinguished from other minerals by its crystallization, in- 
fusibility and hardness 

Staurolite weathers fairly readily into micaceous minerals, such as 
chlorite (p 428) and muscovite (p. 355) 

Syntheses — It has not been produced in the laboratory 
Occurrence — ^The mineral occurs principally in mica schist and other 
schistose rocks where it is the result of regional or contact metamor- 
phism Because of its method of occurrence it frequently contains 
numerous nimeral inclusions, among them garnet and mica 

Locakkes — Good crystals of staurolite are found in the schists at 
Mte Campione, Switzerland, in the Zillerthal, Tyrol, at Aschaffen- 
burg, in Bavana, at various places in Brittany, France, and in the 
Umted States, at Windham, Maine, at Franconia, N H , at Chester- 
field, Mass , m Patrick Co , Va , and m Fannin Co , N C 

Uses — ^Twins of staurolite are used, to a slight extent, as jewelry. 
Specimens from Patrick Co , Virginia, are mounted and worn as charms 
under the name of ** Fairy Stones.” 

Dumortierite (Al(AlO)7H(BO)(SiO03) 

Dumortierite is one of the few blue silicates known It is a borosili- 
cate with a composition approaching the formula indicated above The 
analysis of a sample from Clip, Arizona, gave (I) 

S1O2 AI2O3 Fe203 Ti203 MgO B2O3 P20»5 Lossonign Total 
I. 27 99 64 49 tr 4 95 20 I 72 99 35 

IL 28 58 63 31 21 I 49 5 2T X 53 100 33 

Specimens from Califorma (II) contain in addition notable quantities 
of T1Q2, which is thought to exist as T12O3 replacing a part of the AkOa. 
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The mineral cr>^stallizes in the orthorhombic s>stem in aggregates of 
fibers, needles or very thin prisms exhibiting only ooP(iio) and 
00 P ^ (loo) without end faces Its axial ratio is a . 5 = 5317 : i, and 
the prismatic angle no A 110=56° Its ctystals possess a distmct 
cleavage parallel to 00 P 00 (100) and a fracture perpendicular to the 
long axes of the prisms Twinning is common, ^Mth ooP(iio) the 
twinmng plane 

Dumortierite is commonly some shade of blue, but in some cases is 
green, lavender, white, or colorless It is translucent or transparent 
and strongly pleochroic, being colorless and red, purple or blue Its 
streak is light blue Hardness is 7 and density 3 3 Its refractive mdices 
for yellow light are a = i 678, i 686, 7 = i 089 

Before the blowpipe the mineral loses its color and is infusible. It is 
insoluble m acids 

It IS distinguished from other blue silicates by its fibrous or columnar 
character and its insolubility m acids 

Its principal alteration products are kaolin and damourite 

(pp 404. 357) 

Occurrence and Localities — ^Dumortierite occurs only as a constit- 
uent of gneisses and pegmatites It is found m pegmatite near Lyons, 
France, near Schmiedeberg, m Silesia, at Harlem, N Y, in a granular 
quartz, at Clip, Yuma Co , Ariz , and m a dike rock composed of quartz 
and dumortierite, near Dehesa, San Diego Co , Cal It is evidently 
a pneumatolytic mineral Its common associates are kyamte, anda- 
lusite or siUimanite 

SODALITE GROUP 

The sodalite group includes a senes of isometric minerals that may be 
regarded as compounds of silicates with a sulphate, a sulphide or a chlor- 
ide, or, perhaps better, as silicates m which are present radicals con- 
taimng Cl, SO4 and S The minerals comprising the group are hauymte, 
nosean, sodalite and lasunfe. Of these, sodalite appears to be a mixture 
of 3 NaAlSi 04 and NaCl, m which the Cl has combined with one atom of 
Al, thus Na 4 (ClAl)Al 2 (Si 04)3 The other members of the group are 
comparable with this on the assumption that the Cl atom is replaced by 
the radicals NaS04, and NaSa It is possible, however, that all are 
molecular compounds as indicated by the second set of formulas given 
below. All are essentially sodium salts, except that in typical haiiynite 
a portion of the Na is replaced by Ca. The chemical s)mibols of the 
four minerals with the calculated percentages of silica, alu mi na and 
soda corresponding to their formulas are: 
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S1O2 

AI2O3 

Na20 

Sodalite 

Na 4 (Cl*Al)Al 2 (Si 04 ) 3 ,or 
3 NaAlSi 04 NaCI 

37 14 

31 60 

25 60 

Noselite 

Na4(NaS04 Al)Al2 (8104)3, 01 
3 NaAlSi 04 Na 2 S 04 

31 < 5 S 

27 03 

27 26 

Hau3Tiite (Na2Ca)2(NaS04' Al)Al 2 (SiOi) 3 , or 
3 NaAISi 04 CaS04 

31 99 

27 32 

16.53 

Lasurite 

Na4(NaS3 Al)Al2 (8104)3, or 
3 NaAlSi 04 Na2S S* 

31.7 

26,9 

27-3 


Sodalite (Na4(Cl Al)Al2 (8104)3) 

Sodalite, theoretically, is the pure sodium compound corresponding 
to the composition indicated by the formula given above Natural 
crystals, however, usually contain a little potassium in place of some of 
the sodium and often some calcium, as indicated by the analyses of 
material from Montreal, Canada (I), and Litchfield, Maine (II), quoted 
below Moreover, their content of Cl is not constant 

S1O2 AI2O3 Na20 K20Ca0 Cl C 1»0 

1 37 52 3138 2515 78 35 691^ = 10209 -155 

II 37 33 3187 2456 10 . 683 = 10176* -154 

* Indudes i 07 per cent H 2 O 

Sodalite occurs massive and in crystals that appear to be holohedral, 
but etch figures indicate that they are probably tetrahedrally hemi- 
hedral (hextetrahedral class) Most crystals 
are dodecahedral in habit, though some are 
tetrahexahedral and others octahedral The 
forms usually developed are ooO(iio), 
ooQoo (100), O(iii), 202(112) and 404(114)- 
Interpenetration twins of two dodecahedrons 
are common, with 0 the twinning plane (Fig 
186) These often possess an hexagonal habit. 

The mineral is colorless, white or some 
light shade of blue or red, and its streak is 
white Its luster is vitreous It is trans- 
parent, translucent and sometimes opaque 
Its cleavage is perfect parallel to ooO(iio) 
and its fracture conchoidal Its hardness is 5-5.6, and its density 

2 3, Its refractive index for yellow light, w= 1,4827 Some specimens 
are distinctly fluorescent and phosphorescent. 



penetration Twin of Two 
Dodecahedrons Elon- 
gated in the Direction of 
an Octahedral Axis and 
Twinned about 0(in) 


Total 
100 54 
100 22 
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Before the blowpipe, colored varieties bleach and all varieties swell 
and fuse readily to a colorless blebby glass The mineral dissolves com- 
pletely in strong acids and yields gelatinous silica, especially after heat- 
ing When dissolved in dilute nitric acid its solution yields a chlorine 
precipitate with siKer nitrate Its powder becomes brown on treatment 
mth. AgNOa, m consequence of the production of AgCl 

The mmeral is best distinguished from other similarly appearing 
minerals by the production of gelatmous silica with acids and the reac- 
tion for chlorine 

As a result of weathering sodalite loses Cl and Na and gams water 
Its commonest alteration products are zeolites (p 445), kaohn (p 440), 
and muscovite (p 355) 

Syntheses — ^It has been produced artificially by dissoKdng nephelme 
powder in fused sodium chloride, and by decomposing musco\TLte 
with sodium hydroxide and NaCl at a temperature of 500° C 

Occurrence and Ongin — Sodalite occurs principally as a constituent 
of igneous rocks rich in alkalies and as crystals on the w’alls of pores in 
some lavas It is also known as an alteration product of nephelme 
Localities — Good crystals are found m nephelme syemte at Ditro, 
in Hungary, m the lavas of Mte Somma, Italy, in the pegmatites of 
southern Norway; and at many other points w^here nephelme rocks 
occur In North America it is abimdant m the rocks at Brome, near 
Montreal, in the Crazy Mts , Montana, and at Litchfield, Marne The 
material at the last-named locality is light blue 

NoseUte and Haiiynite ((Na::Ca) 2 (NaS 04 Al)Al 2 (Si 04 ) 3 ) 

Noselite, or nosean, and hauynite, or hauyn, consist of isomorphous 
mixtures of sodium and calcium molecules of the general formula given 
above Those mixtures contaimng a small quantity of calcium are 
usually called nosean, while those with larger amounts constitute hauyn. 
The theoretical nosean and hauyn molecules are indicated on p 340 
The theoretical compositions of the pure nosean molecule (I) and of the 
most common hauyn mixture (II) are as follows 



S1O2 

AI2O3 Fe203 

CaO 

Na20 

Ela20 

SO3 

H2O Total 

I 

31 6$ 

27 03 


27 26 


14 06 

100 00 

II 

31 99 

27 32 

9 94 

16 S 3 


14 22 

100 00 

m 

35 99 

29 41 31 

21 

20 91 


10 58 

I 63 99 61 

IV 

33 78 

27 42 

10 08 

13 26 

3 23 

12 31 

. 100 08 


Contains also 57 per cent Cl 
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In line III is the analysis of a blue nosean from Siderao, Cape Verde, 
and m line IV, the analysis of a blue haiiyn from the lava of Monte Vul- 
ture, near Melfi, Italy 

Nosean and hauyn are isomorphous with sodalitc They crystallize 
IS the isometric system in simple combinations with a dodecahedral 
habit The principal forms observed aie ooO(iio), ooOoo(ioo) 
0002(102), O(iii) and 202(112) Contact and interpenetration twins 
are common, with O(iii) the twinning plane The twins are often 
columnar. 

The mmerals have a glassy or greasy luster, are transparent or trans- 
lucent, have a distinct cleavage parallel to ooO(iio) and an uneven or 
conchoidal fracture Their hardness is 5 6 and density 2 25 to 2 5, the 
value mcreasmg with the amount of CaO present Nosean is generally 
gray and hauyn blue, but both minerals may possess almost any color, 
from white through light green and blue tints to black Red colors are 
rare The streaks of both minerals are colorless, or bluish For yel- 
low, light ^^=14890 to 1503^1 increasing with increase in the Ca 
present Both minerals are fluorescent and phosphorescent. 

Before the blowpipe both minerals fuse with difficulty to a blebby 
white glass, the blue hauyn retaining its color until a high temperature 
IS reached In this respect it differs from blue sodahte which bleaches 
at comparatively low temperatures Upon treatment with hot water 
both minerals yield Na2S04 They are decomposed with acids yielding 
gelatmous sihca The powders of both minerals react alkaline Both 
also give the sulphur reaction with soda on charcoal 

The minerals are easily distingmshed from all others by their crys- 
tallization, gelatmization with acids and reaction for sulphur. 

Both minerals upon weathering yield kaolin or zeolites and 
calcite 

Synthesis — Crystals of noselite have been made by melting together 
Na2C03, kaolinite and a large excess of Na2S04 

Occwwwce —Hauyn and nosean occur in many rocks containing 
nephehne, espeaally those of volcamc origin and in a few mctamorphic 
rocks. Hauyn is so common m some of them as to constitute an essen- 
tial component 

Localities — ^Both minerals are found in good crystals in metamor- 
phosed inclusions in the volcanic rocks of the Lake Laach region, m 
Prussia, also in the rocks of the Kaiserstuhl, m Baden, m those of 
the Albanian Hills, in Italy, and at S. Antao in Cape Verde In 
Amenca haiiyn has been reported from the nephelme rocks of the 
Crazy Mts., Montana, 
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Lasunte (Na 4 (NaS 3 - Al)Al 2 (Si 04 ) 3 ) 

Lasurite is better known as lapis lazuli It is bright blue in color 
and was formerly much used as a gem stone The matenal utilized for 
gem purposes is usually a mixture of different minerals, but its blue 
color is given it by a substance with a composition corresponding to the 
formula indicated above Since the artificial ultramanne, which is 
ground and used as a pigment, also has this composition, the molecule is 
sometimes represented by the shortened symbol US3, or if it contams 
but two atoms of S, by the symbol US2 The deep blue lasunte from 
Asia contains as its coloring matenal a substance with a composition 
that may be represented by 15 7 molecules of US3, 76 9 molecules of 
hauyn and 7 4 molecules of sodalite, correspondmg to the percentages. 


S102 

AI2O3 

CaO 

Na20 

K2O 

32 52 

27 61 

6 47 

19 45 

28 

S03 

S 

Cl 


Total (Less C 1 = 0 ) 

10 46 

2 71 

47 

99 97 

= 99 42 

Lasurite is thus the name 

given to the 

i blue coloring matter of lapis 


lazuli, which is a mixture It apparently crystallizes in dodecahedrons 
Its streak is blue, its cleavage is dodecahedral, its hardness about 5 and 
Its specific gravity about 2 4 Before the blowpipe it fuses to a white 
glass Its powder bleaches rapidly in hydrochloric acid, decomposes 
with the production of gelatinous silica and yields H2S. 

It IS distinguished from blue sodalite and hauyn by the reaction with 
HCl, especially by the evolution of H2S 

Occurrence — ^Lasunte is principally a contact mineral m limestone. 

Locahttes — Good lapis lazuli occurs at the end of Lake Baikal, in 
Siberia, in the Andes of Ovalle, in Chile, in the limestone inclusions in 
the lavas of Vesuvius, and in the Albaman Mts , Italy 

Uses — ^Lapis lazuli is used as an ornamental stone in the manufacture 
of vases, and various ornaments, in the manufacture of mosaics, and as a 
pigment, when ground, under the name ultramanne Most of the ultra- 
marine at present in use, however, is artifiaally prepared, 

ACID ORTHOSILICATES 
Prehnite (H 2 Ca 2 Al 2 (Si 04 ) 3 ) 

Prehmte is nearly always found m crystals, though it occurs also m 
stalactitic and granular masses 

The theoretical composition of the pure mineral is Si 02 = 43 -^ 9 ) 



344 


DESCRIPTIVE MINERALOGY 


Al203=M78, CaO=27i6, and H20=4 37 Most crystals, however, 
rnntain small quantities of FcaOa and other constituents 



SiO. 

Al, 0 , 

1‘c.Oa l^cO 

CciO 

MirO 

IhO 

Total 

Jordansmuhl, Silesia 

44 

26 00 

61 

2 b 

tr 

4 91 

100 go 

Cornwall, Penn 

42 40 

20 88 

S 54 

27 02 

ti 

4 or 

99 8$ 

Chlorastrolite, Isle Royale 37 4 ^ 

24 b2 

2 21 I 81 

22 20 

3 

7 7-2 

99 7 S’ 


* Also 32 per cent Na^O 



Fig 187 — Prehnite Crystal with 
00 P, no (w), ooPw, 100 (fl), 
JP M , 304 («), }P 00 , 308 (zi) 
and oP, 001 (fi) 


Its crystallization is orthoihombic and hemiinoiphic (rhombic py- 
ramidal class), with a b c= 8420 i i 1272 The ciystals vary 
widely in habit, but they contain comparatively few foims The most 
prominent are oP(ooi), ooP(iio), 6P 06 (061), 2P(22i) and 6P(66i) 

(Fig 187) The angle iioAiTo=8o° 
12' Because they c\hi]:)il pyroelectric 
jxilarity m the direction of the a axis the 
crystals arc thought to be twins, with 
00 P TO (100) as the twinning plane 
Cleavage is good parallel to oP(ooi) 
The cry-stals arc frequently tabular 
parallel to oP(ooi), although other 
habits are also common Isolated individuals are rare, usually many 
are grouped together into knotty or warty aggregates 

Prehnite is colorless or light green, and transparent or trans- 
lucent, and it has a colorless streak Its luster is pearly on oP(ooi) but 
glassy on other faces Its fracture is uneven, its hardness 7+ and its 
density 2.80-2 95. For yellow light, a= i 616, iS= i 626, 7 = 1 649 
Before the blowpipe prehnite exfoliates, bleaches and melts to a 
yellowish enamel At a high temperature it yields water Its powder is 
strongly alkaline. It is partially decomposed by strong hydrochloric 
acid with the production of pulverulent silica. After fusion it dissolves 
readily in this acid yielding gelatinous silica 
The mineral has not been produced artificially 
Occurrence — ^Prehmte occurs as crystals implanted on the walls of 
clefts m siliceous rocks, in the gas cavities m lavas, and m the gangue of 
certain ores, especially copper ores It is found also as pseudomorphs 
after analcite (p 438), laumomte (p 451), and natrolite (p 454) In 
all cases it is probably a secondary product * 

Locahhes — Fine crystals come from veins at Harzburg, in Thuringia, 
at Stnegau and Jordansmuhl, Silesia, and at Fassa and other places m 
Tyrol. Good crystals are found also in the Campsie Hills m Scotland. 
The mineral is abundant in veins with copper along the north shore of 
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Lake Superior and on Keweenaw Point, and it occurs also at Farmington, 
Conn , Bergen Hill, N J , and Cornwall, Penn 

Uses — ^The mineral known as chlorastrolite is probably an impure 
prehnite. It is found on the beaches of Isle Royale and the north shore 
of Lake Superior as little pebbles composed of stellar and radial bunches 
of bluish green fibers The pebbles were originally the fillings of gas 
cavities in old lavas The> are polished and used, to a slight extent, as 
gem-stones About $2,000 worth were sold in 1911 and $350 ^\orth m 
1912 

Axinite (H(Ca-Fe-Mn) 3 Al 2 B(Si 04 ) 4 ) 

Axinite IS especially noteworthy for its richness in crystal forms 
The mineral is a complicated borosilicate for Tvhich the formula given 
above is merely suggestive Analyses of crystals from different localities 
vary so widely that no satisfactory simple formula has been proposed 
for the mineral Four recent analyses are quoted below 



Kadauthal 

Stnegau 

Oisans 

Cornwall 

S102 

39 26 

42 02 

41 53 

42 10 

B203 

4 91 

5 00 

4 62 

4 64 

A1203 

14 46 

17 73 

17 90 

17 40 

Fe203 

2 62 

93 

3 90 

3 06 

FeO 

3 65 

6 SS 

4 02 

5 84 

MnO 

2 80 

6 52 

3 79 

4 63 

CaO 

29 70 

19 21 

21 66 

20 53 

MgO 

2 00 
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74 

66 

H2O 

I 22 

I 77 

2 16 

I 80 

Total 

100 62 

100 II 

100 32 

100 66 


Axinite crystallizes in the tiidmic system (pinacoidal class'), with 
a: b: c=^ 4921 . i : 4797 and q:= 82° 54', /9=9i® 52', 7=131° 32'. 
The crystals are extremely varied m habit but nearly all are somewhat 
tabular parallel to 'P(iIi), ooP'(iio) or oo'P(iTo) About 45 forms 
have been observed In addition to the three mentioned, 2'P' So (201), 
P'(iii), /P(iri), 2yP' 06 fo2i), 00 P 66 (010) and 00 P w (100) are the most 
frequently met with (Figs 188, 189) The plane 'P(iIi) is usually 
striated parallel to its intersection with 00 'P(rYo) The angle 100 A 
= 15^34'. The cleavage is indistinct parallel to ooP'(iio) and the 
crystals are strongly pyio electric 

Aximte is browmsh, gray, green, bluish or pink, and is strongly pleo- 
chroic in pearl-gray, olive-green and cinnamon-brown tints It is 
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transparent or translucent and has a glassy luster and a colorless streak 
Its fracture is conchoidal or uneven It is brittle, has a hardness of 6-7 
and a density of 3 3 For red light, i 6720, / 3 = i 6779, 7 = 1 6810 
Axinite, before the blowpipe, exfoliates and fuses to a dark green 
glass which becomes black in the oxidizing flame It colors the flame 
green, especially upon the addition of KHSO4 and CaF2 to its powder 
Its powder reacts alkaline It is only slightly attacked by acids. After 



Fig 188 Fig 189 


Fig 188— Axinite Crystal with ooPoo, 100 («), 2'P'6o, 201 (j), oop/, no (w), 
00 /P ilo (M), P', III (jc) and 'P, iTi (r) 

Fig 189 — Aximte Crystal with Jlf , w, a, f and s as m Fig 188 Also 00 p^, 

010 ( 5 ), 2F 00 , 021 (v), yP, III (e), I/P3, 132 (0), 4/P 2, 241 (0), 3/P3, 131 (D, 

00 /T 3, 130 W, 3'PX 13 1 W and4'P2, 241 (d). 

fusion, however, it dissolves readily with the production of gelatinous 
silica 

The mmeral is easily characterized by its crystallization and the 
green color it imparts to the flame 

It has not been produced artificially 

Pseudormorphs of chlorite after axinite have been found in Dart- 
moor, England 

Occurrence — ^Axinite crystals occur in cracks m old siliceous rocks. 
It is found also m ore veins and as a component of a contact rock com- 
posed mainly of augite, hornblende and quartz, occurimg near the 
peripheries of gramte and diabase masses. It was formed by the aid 
of pneumatol^dic processes 

Locahties — ^Excellent crystals of axinite are found at Andreasberg 
and other places in the Harz Mts , near Striegau, m Silesia, near 
Poloma, in Hungary, at the Piz Valatscha, in Switzerland, near Verms 
and at other points m Dauphine, France, at Botallak, Cornwall, Eng- 
land, at Komgsberg, Norway, Nordmark, Sweden; Lake Onega, and 
Miask, Russia, at Wales in Maine and at South Bethlehem, Penn. 
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Dioptase (HaCuSiO^) 


Dioptase is especially interesting because of its crystaUization, which 
IS rhombohedral tetartohedral (tngonal rhombohedral class) Its crys- 
tals are columnar Their axial ratio is i 5342 They are usually 

bounded by 00 P2(ii2o), - 2R(o22r) or R(ioii) and — i (1341) or 

+“ 7 (3141) (a rhombohedron of the third order, Fig 190) Besides 

4 I 

occurring as crystals the mineral is found also 
massive and in crystalline aggregates. 

The composition expressed by the formula 
given above is 8102=3818, CuO=50 4o; 

H20=ii 44, which IS approached very closely 
by some analyses. The same composition may 
be expressed by CuSiOs H2O Indeed, recent 
work indicates that the mineral is a hydrated 
metasilicate and not an acid orthosihcate Fig 190 —Dioptase Crys- 



Dioptase has an emerald-green or blaclash 
green color, a glassy luster and a green streak 
It is transparent or translucent, is brittle 
and Its fracture is uneven or conchoidal Its 


tal with 00 P2, 1120 and 
— 2R, 0321 (5), with a 
Rhombohedron of the 
3rd Order Indicated by 
Striations 


hardness is 5 and its density 3 05. It is weakly 


pleochroic and is distinctly pyroelectnc For yellow light, co=i 6580, 


€= I 7079 

Before the blowpipe dioptase turns black and colors the flame green. 
On charcoal it turns black in the oxidizing flame and red in the reducing 
flame without fusing It is decomposed by acids with the production of 
gelatinous silica 

Synthesis — Ciy’^stals of dioptase have been made by allowing mix- 
tures of copper nitrate and potassium silicate to diffuse through a sheet 
of parchment papef 

Occurrence and Locahties — ^The mineral occurs in druses on quartz 
in clefts in limestone, and m gold-bearing placers in the Altyn-Tube Mt. 
near the Altym Ssu River, in Siberia, in crystals on wulfemte and cala- 
mine and embedded in clay near R€zbanya, Hungary, with quartz and 
chrysocolla in the Mindonli Mine, French Congo, in copper mmes at 
Capiapo, Chile, and in Peru, at the Bon Ton Mines, Graham Co , 
Ariz , and near Riverside, Pinal Co., in the same State. In the Bon 
Ton Mines it covers the walls of cavities m the ore, which consists of a 
mixture of hmonite and copper oxides 
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MICA GROUP 

The mica group comprises a series of silicates that are characterized 
by such perfect cleavages that extremely thin, lamellae may be split 
from them with surfaces that are perfectly smooth. The lamellae are 
elastic and m this re‘^pect the members of the group are different from 
other minerals that possess an almost equally perfect cleavage Some 
of the micas are of great economic importance, but most of them have 
found little use in the arts 

The micas may be divided into four subgroups, (t) the magnesium- 
iron micas, (2) the calcium micas, (3) the litliium-iron micas, and (4) 
the alkali micas Of the latter there are three subdivisions, {a) the 
lithia micas, (b) the potash micas, and (c) the soda micas 

All the micas crystallize in the monoclmic system (monoclinic pris- 
matic class), in crystals with an orthorhombic or hexagonal habit 
In composition the micas are complex The alkali micas are ap- 
parently acid orthosilicates of aluminium and an alkali — ^the potash 
mica being ICH2AI3 (8104)3 Other alkali micas are more acid, and 
some of the magnesium-iron micas are very complex The members 
with the best established compositions are apparently salts of orthosilicic 

acid, and, hence, the entire group is placed 
with the orthosilicates 

All the micas possess also, in addition to 
the very noticeable cleavage which yields 
the characteristically thin lamellae that are 
so well known, other planes of parting 
which are well exhibited by the rays of 
the percussion figure (Fig, igi) The 
largest ra} — ^Icnown as the characteristic 
ray— is always parallel to the clinopinacoid. 
In some micas the plane of the optical 
axes IS the clinopinacoid and m others is 
perpendicular thereto In the latter, known 
as micas of the first order, the plane of 
the axes is perpendicular to the characteristic ray and in the former, 
distmgmshed as naicas of the second order, it is parallel to this ray. 
The value of the optical angle vanes widely In the magnesia micas 
it IS between 0° and 15°, m the calcium micas between 100® and 120®, 
and in the other micas between 55® and 75® When the angle becomes 
zero the mineral is apparently uniaxial But etch figures on all micas 
indicate a monoclmic S3nnmetry (compaie Fig 194) 



Fig 191 — ^Percussion Figure 
on Basal Plane of Mica 
The long ray is parallel to 
00 P^ (010) 
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TEE MAGNESIUM-IRON MICAS 
BioUte ((K H)2(Mg Fe)2(Al Fe)2(Si04)3) 


The magnesium-iron micas are usually designated as biotite. This 
group includes micas of both orders as follows 

I St Order 2d Oraer 

Anofmte Meroocene 

• Leptdomelane 

PMogopte 


The crystals of biotite have an axial ratio 5774 i : 3 2904 with 
iS= 90° They are usually simple combinations of oP(ooi), 00 P 00 (010), 

--|P(ii2) and P(Tii) (Fig 192). Twins are 

common, with the twinning plane perpendic- 
ular to oP(ooi) The composition face may 
be the same as the twinning plane or it may be 
oP(ooi) (Fig 193) The crystals have an 
hexagonal habit, the angle IiiAoio being 
60° 22I'. The mineral also occurs in flat 
scales and in scaly aggregates 

The color of biotites varies from yellow, 
through green and brown to black Pleochroism is strong in sections 
perpendicular to the perfect cleavage, ie, perpendicular to oP(ooi) 
The streak of all varieties is white Their hardness =2,5 and density 
2 7-3.1, depending upon composition. The refractive indices for yellow 


Fig 192 —Biotite 
witii oP, 001 {c), 
010 (ft), P, III 
— JP 112 (<?) 


Crystal 
ooP« , 
(ju) and 



Fig, 193 — ^Biotite Twinned about a Plane Perpendicular to oP (001), and Parallel 
to the Edge Between oP(ooi) and — 2P(22i) The composition plane is 
oP(ooi) Mica law A=nght hand twm, B and C— left hand twms. 


hght in a light brown biotite from Vesuvius are- a— 1.5412, /S— i 5745, 
They are higher m darker varieties. 

Etch figures are produced by the action of hot concentrated sulphuric 
acid. 

Variehes and their Localities — ^Anomite is rare. It occurs at Green- 
wood Furnace, Orange Co , N. Y., and at Lake Baikal, in Siberia 
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Meroxene is the name given to the common biotite of the 2d order 
It occurs in particularly fine crystals in the limestone blocks included 
in the lava of Mte Somma, Naples, Italy, at various points in Switzer- 
land, Austria and Hungary, and at many other points abroad and in 
this country 

Lepidomelane is a black meroxene characterized by the presence 
m It of large quantities of ferric iron It is essentially a magnesium-free 
biotite It occurs m igneous rocks, especially those rich in alkalies 
Two of its best known occurrences in the Umted States are in the nephe- 
line syemte at Litchfield, Marne, and m a pegmatite in the northern part 
of Baltimore, Md 

Phlogopite, or amber mica, is the nearly pure magnesium biotite 
which by most mmeralogists is regarded as a distinct mineral, partly 
because m nearly all cases it contams fluorme Its color is yellowish 
brown, brownish red, browmsh yellow, green or white Its luster is 
often pearly, and it frequently exhibits asterism in consequence of the 
presence of inclusions of acicular crystals of rutile or tourmahne arranged 
along the rays of the pressure figure Its axial angle is small, increasing 
with increase of iron Its refractive indices are 562, 606, 

7=1 606 

Phlogopite is especially charactenstic of metamorphosed limestones 
It occurs abundantly m the metamorphosed limestones around Easton, 
Pa , at Edwards, St Lawrence Co , N Y , and at South Burgess, 
Ontario, Canada. It is also found as a pyrogenetic mineral in certain 
basic Igneous rocks, 

Typical analyses of the four varieties of biotite follow. 
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I 

II 

m 

IV 

K20 
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6 40 
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H20- 1 

H20+ J 

^ 2 19 

90 
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} 4 67 

66 

2 33 

F 

Total 


10 


2 24 





(lessO=F) 

99 19 

99 91 

100 83 

99 66 


I Anomite from Greenwood Furnace, Orange Co , N Y 

II Meroxene from granite, Butte, Mont 

III Lepidomelane from eleolite syenite Litchfield, Maine 

IV Brown phlogopite from Burgess, Can 

Before the blowpipe the dark, ferruginous varieties fuse easily to a 
black glass, the lighter colored varieties with greater difficulty to a 
yellow glass Their powder reactions are strongly alkahne The 
minerals are not attacked by HCl but are decomposed by strong 
H2SO4 In the closed tube all varieties give a httle water 

The biotitcs are distmguished from all other mmerals except the other 
micas by perfect cleavage and from other micas by their color, solubihty 
in strong sulphuric acid and pleochroism 

The commoner alteration products of biotite are a hydrated biotite, 
chlonte (p 428), epidote, siUimamte and magnetite, if the mica is 
ferriferous At the same time there is often a separation of quartz 
Phlogopite alters to a hydrophlogopite and to penmnite (p. 429), and 
talc (p 401) 

Syntheses —The biotites are common products of smelting operations. 
They have been made by fusing sihcates of the proper composition with 
sodium and magnesium fluorides 

Occurrences and Origin — ^The biotites are common constituents of 
Igneous and metamorphic rocks and pegmatite dikes They also are 
common alteration products of certain sihcates, such as hornblende 
and augite They are present in sedimentary rocks principally as the 
products of weathering 

Uses — ^Phlogopite is used as an insulator in electrical appliances 
and to a less extent for the same purposes as those for which ground 
muscovite is employed No “ amber mica ” is produced m the 
United States Most of that used in this country is imported from 
Canada, 
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THE CALCIUM MICAS 

Margante (Ca(A10)2(A10H)2(Si04)2) 

Margarite, the calcium mica, is like biotite m the habit of its crys- 
tals, which, however, are not so well formed as these Usually the min- 
eral occurs in tabular plates with hexagonal outlines but without side 
planes It occurs also as scaly aggregates 

Analyses of specimens from Gamsville, Ga (I), and Peekskill, N Y 
(II), gave 
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MgO CaO 

Na 20 H2O 

Total 
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The mineral has a pearly luster on its basal planes, and a glassy luster 
on other planes Its color is white, yellowish, or gray and its streak 
white It is transparent or translucent Its cleavage is not as perfect 
as in the other micas, and its cleavage plates are less clastic Its hard- 
ness varies from 3 to over 4 and its density is 3 It is a mica of the 
first order 

Before the blowpipe it swells, but fuses with great difficulty It 
gives water in the closed tube and is attacked by acids 

Occuneme — Margarite is associated with corundum It is also 
present in some chlorite schists In all cases it is of mctamoriihic origin 
Locahties — ^It occurs in the Zillerthal, Tyiol, at Campo Longo, m 
Switzerland, at the emery locahties in the Grecian Archijielago, at 
the emery mines near Chester, Mass , in schist inclusions in mica 
diorite at Peekskill, N Y , with corundum at Village Green, Penn , 
at the CuUakenee Mine, in Clay Co, N. C., and at corundum local- 
ities in Georgia, Alabama and Virgima 

THE LITHIUM-IRON MICAS 

Zinnwaldite ((Li-K-Na)3FeAl(Al(F-OH))2Si50io) 

The principal hthium-iron mica, zinnwaldite, is a very complex 
mixture that occurs m several forms so well characterized that they have 
received different names All of them contain lithium, iron and fluorine, 
but in such different proportions that it has not been possible to ascribe 
to them any one generally acceptable formula Some of the most im- 
portant of these varieties have compositions correspondmg to the fol- 
lowing analyses 
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I Rabenghmmer from Altcnbcrg SaN:ony Greenish black with greenish gray 
streak Sp gr 146-s igo 

II Polylithionitc from Kangerluarsiik, Greenland White or light green plates 
Sp gr =281 

III Cryophyllitc from Roikport, Mass, Strongly plccxhroic green and brown- 

ish led irystals Sp gr -2 000 Containb also 17 MgO and i 06 H2O 

IV Zinnwaldilc from Zmnwahl, Bohemia. Plates, white, yellow or greenish 
gray Sp. gr =2 9156-2,087 Contains also gi and 08 P2O5, 

Zinnwaldite occins in crystals with an axial ratio very near that 
of biotitc, and a tabular habit Twins arc like those of biotitc with 
ooP(iio) the twinning plane 

It has a pearly luster, is of many colors, particularly violet, gray, 
yellow, brown and dark giecn and is strongly pleochroic. Its streak is 
light, Us hardness between 2 and 3 and its density between 2.8 and 3 2. 
It IS a mica of the second 01 dcr 

Before the lilowinpc it fuses to a dark, weakly magnetic bead It is 
attacked by acids 

Occurremc ami I^oialities — ^Zinnwaldite is found m certain ore veins, 
m granites containing cassitentc, and m pegmatites Its origin is as- 
cribed to pneumatolytic processes Its principal occuirences are those 
referred to m connection with the analyses 

mii ALKALI MICAS 

The alkali micas include those in which the principal metallic con- 
stituents licsides aluminium arc lithium, potassium and sodium. All 
these metals are present in each of the recognized varieties of the 
alkali micas, but in each variety one of them predominates That m 
which lithium is prominent is known as leptdolite; that m which potas- 
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Slum IS most abundant is mtiscomte, and that in which sodium is 
most prominent is paragomte Muscovite is common Lepidolite is 
abundant in a few places Paragomte is rare The first two are im- 
portant economically All are imcas of the first order, except a few 
lepidolites, and all are hght colored 

Another mica, which is usually regarded as a distinct variety of 
muscovite, or, at any rate, as being very closely related to the mineral 
IS roscoelite In this, about two-thirds of the AI 2 O 3 m muscovite is 
replaced by V 2 O 3 . It is a rare green mica which is utilized as an ore 
of vanadium. 

Lepidolite ((Li- K-Na)2((Al-Fe)OH)2(SiO,03) 

Lepidohte occurs almost exclusively as aggregates of thin plates 
with hexagonal outlines Crystals are so poorly developed that a satis- 
factory axial ratio has not been determined Its variation in composi- 
tion is indicated by the analyses of white and purple varieties from 
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S 12 

4 31 

Na20 

I 06 

13 

2 28 

T 94 

£20 

II 01 

8 82 

10 60 

10 65 

RbsO 

• 

3 73 



CS2O. 


08 


» * * 

F. 

5 80 

S 

6 38 

7 06 

H2O 

9 S 

I 72 

2 05 

1 60 

Total 





(less 0 = 

'F) 99 45 

100 S3 

99 74 

99-63 


I. Lilac-puiple granular lepidolite from Rumford, Maine 
II White variety from Norway, Maine 

III Red-purple variety from Tourmaline Queen Mine, Pala, Cal, Contains 
also 04 PjOfi 

IV, White vanety from Pala, Cal 


♦MnaOa 
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The mineral is while, rose or light purple, gray or greenish The 
rose and purple varieties contain a little manganese The streak 
of all lepidolites is white, their luster pearly, their hardness 2 5-4 
and density 2 8-2 9 The refractive indices of a typical variety are 
i8=i 5975^ 6047 

Lepidolite fuses easily to a white enamel and at the same time colors 
the flame red It is diiOScultly attacked by acids, but after heating is 
easily decomposed 

Cookeitc fiom Maine and California is t)robably a weathered lepido- 
lite Its analyses conespond to the foimula, Li(Al(0H)2)^(Si03)2 

Oumreiicc — ^The mineial occuis piincipally in pegmatites in which 
lubellite (p 435), and other bi ight-colored tourmalines exist and on 
the borders of granite nnisscs and 111 rocks adjacent to them It is 
often zonally mtergrown with muscovite In all cases it is probably a 
pncumatolytic pioduct, or, at least, is produced by the aid of magmatic 
emanations 

Localities, — The mineral occurs in nearly all districts producing tm, 
and also in those producing gem tourmaline Its best known foreign 
localities are Jekatcrmbuig, Russia, Rozna, Moravia, Schnittenhofen, 
Bohemia, and Penig, Sa\'on> In the United wStates it is found m large 
quantities at Hebron, Pans, and other points in western Maine, in the 
tin mines of the southern Black Hills, South Dakota, and in the tourma- 
line localities m the neighborhood of Pala, San Diego Co , Cal 

l}sei> — ^Lepidolite is utilized to a slight extent in the manufacture of 
lithium compounds, which arc employed m the preparation of lithia 
waters medicinal compounds, salts used in photography and m the 
manufacture of lire works and stoiage batteries 

Muscovite (H 2 (K Na)Alj(SiOi),0 

Muscovite IS one of the n\ost (ommon, and at the same time the 
most important, of the micas Because of its transparency it is em- 
ployed for many purjioscs for which the darker biotite is not suitable 

While predominantly a potash mica, nearly all muscovite contains 
some soda, due to the isomorphous mixtuie of the paragomte molecule. 
Two typical analyses are quoted below: 

S1O2 AlaOa FeaOa KeO MnO MgO CaO NaaO KsO H2O F Total 
I 44 39 3S 70 1 09 1 07 tr 10 12 41 9 77 S ^ *72 101 13 

IL 54 34 96 I 59 • 32 4X 10 38 5 43 99 ^ 

I. Broad plates of muscovite bordered by lepidolite, Auburn, Maine. 

II Greenish muscovite, Auburn, Maine Total less 0 “F is 100.83 
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The crystals are usually tabular and frequently orthorhombic or 
hexagonal in habit, though the etch figures on their basal pknes reveal 
clearly their monoclimc symmetry (Fig 194) If oiientated to corre- 
spond with crystals of biotite their axial constants are a b c== 5774 
I . 3 3128, 18=89° 54', and their principal planes oP(ooi), 00 p So (010) 
|P Ob (023), 4^(441) and -2P(22i) (Fig 195) 

Twins like those of biotite are not uncommon in some localities 
Muscovite IS colorless or of some light shade of green, yellow or red 
It has a glassy luster, a perfect cleavage parallel to the base, a haidness 
of 2 and a density of 2 76-3 i Pleochroism is marked in diicctions 
perpendicular and parallel to the cleavage, the color of the crystals, 
when viewed in the direction perpendicular to the cleavage being lighter 



Fig 194 — Etch Figures on oP(ooi) of Muscovite, Exhibiting Monoilmic Symmetry 
Fig 195 —Muscovite Crystal with --2P, 221 (M), oP, 001 ( 0 , coP«>, 010 (/;), 

and JP » , 023 00 



than when viewed parallel to the cleavage The Ofitic al angle is com- 
paratively large (56°-76°), in this respect being veiy dilTercnt from that 
of biotite which is small (2°~22°) The mineral is a nonconductor 
of electricity at ordinary temperatures and a poor c'onducdor of heat. 
Its refractive indices vary somewhat with composition For yellow light 
intermediate values are as follows a — i 5619, 18= 1.5947, 7= 1.6027. 

Before the blowpipe thin flakes of muscovite fuse on their edges to a 
gray mass In the dosed tube the mineral yields water which, m some 
cases, reacts for fluorine It is insoluble m acids under ordinary con- 
ditions, but is decomposed on fusion with alkaline carbonates. 

Muscovite is very stable under surface conditions Its ]>rincipal 
change is into a partially hydrated substance, which may be culled 
hydromuscovite. It alters also into scaly chlontic products, into 
steatite (p 401), and serpentme (p. 398). 
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Damourite is a dense fine-grained aggregate of muscovite, often 
forming pseudomorphs after other minerals 

Senate is a yellowish or greenish muscovite that occurs in thin, 
curv'^ed plates in some schists 

FmJistte is a chromiferous variety of an emerald-green color from 
Schwarzenstein, Tyiol 

Synthesis — Crystals of muscovite have been made by fusing anda- 
lusite with potassium fluo-silicate and aluminium fluondc 

Occurrence — Muscovite occurs in large, lil-defined crystals in peg- 
matites, and in smaller flakes in giamtes and othei acid igneous rocks, 
in some sandstones and slates and m various schists and other meta- 
morphic rocks It is found also in veins It is in some cases an orig- 
inal pyrogenic mineral, m other cases a metamorphic mineral and m 
still other cases a sccondaiy mineral resulting from the alteration of 
alkaline aluminous silicates 

Localities — ^The mineral occurs m all regions where pegmatites and 
acid igneous rocks evist It is mined in North Carolina, South Dakota, 
New Hampshire, Virginia and other states While phlogopitc (amber 
mica) is produced in some countries all the mica produced in this country 
is of the muscovite variety 

Uses —Muscovite is used m two forms, (i) as sheet mica, and (2) 
as ground mica. The sheet mica comprises thin cleavage plates cut 
into shapes It is used m making gas-lamp chimneys, lamp shades, and 
windov^s in jilovcs. The greater portion is used as insulators m 
electrical appliances, though for some forms of electrical apparatus the 
amber mica is better Because of the comparatively high cost of large 
mica plates, small plates are sometimes built up into larger ones The 
ground mica consists of small crystals and the waste from the manu- 
facture of sheet mica giound very fine. It is used in the manufacture 
of wall paper, heavy lubucants and fancy paints It is also mixed with 
shellac and meltcxl into desired forms for electrical insulators 

Production — The total value of the mica produced in the United 
States during 1012 was $355,804, divided as follows. 1,887,201 lb sheet 
mica, valued at $310,254 and 3,512 tons ground mica, valued at $45,550 
Of this North Carolina produced 454,653 lb, of sheet mica, valued at 
$187,501 and 2,347 tons of scrap mica, valued at $29,798, or a total 
value for both kinds of mica of $217,299 The imports of sheet mica 
during the same year amounted to $502,163, of which 241,124 lb , 
valued at $155,686 was trimmed and the balance untnmmed The 
imports during 1912 were valued at $748,973, and the domestic produc- 
tion at $331,896. 
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Roscoelite may be r^arded as a muscovite in which a large portion 
of the AI2O3 has been replaced by V2OS A speamcn from Lotus, Eldo- 
rado Co , Cal , gave 

5101 m AljOs VA FeO MgO K .0 H, 0 - ILO+ Total 

45 17 78 II S 4 24 01 I 60 I 64 10 37 40 4 29 99 80 

besides traces of L12O and Na 20 

The mineral occurs as clove-brown or green scales with a specific 
gravity of 2 92-2 94 It is translucent and has a pearly luster and a 
strong pleochroism. Its refractive mdices for sodium light are, a=i .610, 
i 8 =i 68 s, 7=1 704 

Before the blowpipe it fuses to a black glass. It gives the usual 
reactions for vanadium in the beads and is only slightly aflccted by 
acids It has been found associated with gold in small veins ncai Lotus, 
Eldorado Co., California, in seams composed of roscoelite and quartz 
between the beds of a sandstone in the high plateau region of south- 
western Colorado, and as a cement of mmute scales between the grains 
of the sandstone on both sides of the seams. In all cases it appears to 
have been deposited by percolating water, possibly of magmatic origin 

The impregnated sandstone is mined as a source of vanadium The 
material, which contains an average of about 3 per cent of metallic 
vanadium is concentrated by chemical processes, and the concentrates 
are manufactured into ferro-vanadium. Most of the vanadium pro- 
duced in the United States is made from this ore. 

Paragonite (H 2 (Na-E)Al 3 (Si 04 ) 3 ) 

Paragonite, the sodium mica, differs from muscovite mainly in com- 
position Both contam sodium and potassium but in jiaragonite the 
sodium molecule is in excess 

The anal5rsis quoted below is made on a sample from Monte Cam- 
pione, in Switzerland 

5102 AI2O3 Fe203 NaaO K2O H2O Total 

47 75 40 10 tr. 6 04 i 12 4 58 99 S 9 

It occurs in the same assodations as some forms of muscovite but it 
IS much less common. It apparently occurs most abundantly in certain 
fine-grained mica schists to which the name paragonite schists has been 
given, It is ro all known cases a product of dynamic metamoiiilnsm. 
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Beryl (Be 3 Al 3 (Si 03 )o) 

Bfryl is a frequent constituent of coarse-grained granites. It is 
important as a gem matciial, and is particularly interesting because of 
the many physical investigations that have been made with the aid of its 
crystals 

Although the mineral is essentially a beryllium alumino-inetasilicate, 
it usually contains also a little Fe203 and MgO, in many cases small 
quantities of the alkalies, and in some cases also csesium. Analyses of 
a green beryl from North Carolina, an aquamarine from Stoneham, Me , 
and a light-colored crystal from Hebron are given below 

S1O2 AI2O3 FeaOs BeO FeO NaaO LizO CszO H2O Total 

I. 66 84 19 05 . 14 II . 100 00 

II. 66 28 18 60 . 13 6r .22 .. ., .83 90 S4 

III 6s 54 17 75 21 13 73 71 . . . 2 01 100 39 

IV. 62 44 17.74 40 n 36 .38 I 13 I 60 3.60 2.03 100 30 

I Theoretical 

II. Alexander Co., N. C. 

Ilf Stoneham, Me.; also .06% CaO. 

IV. Hebron, Me 

The mineral occurs massive without distinct crystal form and also in 
granular and columnar aggregates, but its usual method of occurrence is 
in shaq) and, in some cases, very large columnar crystals with a distinct 
hexagonal habit (dihexagonal bipyramidal class), and an axial ratio 
1 : 4989. The forms found on nearly all crystals are « P(ioio), 
00P2(lI2o), 0P(000l), P(loTl), P2(lI22) and 2P2(lI2l) (Fig 196). 
In addition, there are present on many crystals other prismatic forms 
and the pyramids 3F|(2i3i) and 2P(202i). Other crystals are highly 
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modified (Fig 197), the total number of forms that have been identified 
approximating 50 The angle loli A 0111 = 28° 55' Some crystals 
are very large, measuring 2 to 4 feet in length and i ft in diameter 
Beryl has a glassy luster It is transparent or translucent It is 
colorless or of some light shade of green, red, or blue Its streak is 
white, hardness 7-8 and density 2 6-2 8 Its cleavage is very imperfect 
but there is frequently a parting parallel to the base Pleochroism is 
noticeable in green and blue crystals Its refractive indices for yellow 
light at 20° are co = i 5740, €= i 5690 They become greater with mcreas- 
mg temperature 

Before the blowpipe colorless varieties become milky, but others are 



Fig T96 lie. 197 

Fig 196 — ^Beryl Crystals with 00 P, loTo (w), oP 0001 (c), 00 P2, 1120 (a), P, 
loii (^) and 2P2, II2I (s) 

Fig 197 — ^Beryl Crystal with w, c, p and a as in Fig 19O Also 2P, 2021 (ju) and 

3P§, 2131 (») 

unchanged except at very high temperatures when sharp edges arc fused 
to a porous glass The mineral is not attacked by acids. 

Beryl is distinguished from apatite^ which it much resembles, by its 
greater hardness 

It alters to mica and kaohn (p 404) 

Syntheses — ^Beryl crystals have been formed by long heating of 
S1O2, AI2O3 and BeO in a melt of the molybdate or vanadate of lithium, 
and by preapitating a solution of beryllium and aluminium sulphates 
with sodium silicate and heating the dried precipitate with boric acid 
m a porcelain oven 

Occurrence — ^The mineral occurs as an accessory constituent m peg- 
matites and granites, in crystallme schists, especially mica schists and 
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gneisses, in ore veins and sometimes m clay slates and bituminous lime- 
stones 

Uses — ^The transparent varieties are utilized as gems, under the 
following names 

Emerald is a deep green variety, the color of which is probably 
due to CroOa, 

Aquamarine, a bluc-giccn variety, 

Golden beiyl, a topaz-coloied variety, 

Blue bavl, a blue variety, and 

White beryl, a coloiless variety 

Localities — Crystals of ordinal y bctyl occur at Striegau, Silesia, in 
the cassiterite veins near Altenlierg, m Savony, m the granite dikes near 
S Piero, Elba, in the Mouine Mts , at Down, Ireland, at various points 
(especially near Jekateriiiburg), in Uial, Russia, and in North America, 
in the mountain counties of Noith Carolina; at Mt. Antero, Colo ; at 
Peiperville, Penn , in gianitc veins at Haddam, Conn., at Acworth, 
N H , and at Norway, Hebron, and other points in western Maine 
Much of the beryl of Maine is the variety containing caesium. 

The finest emeralds are found in geodes, and embedded in a clay 
slate at the Muso Mine, Colombia, New Grenada, but fine gem mate- 
rial occurs also at Zabara, ncai the Red Sea, Habachthal, Tjrol, Glen, 
New South Wales, and m Brazil, Hindustan and Ceylon. The finest 
aquamarines come from Sibeiia. 

The most important beryl mines m the United States are in pegma- 
tites m Cleveland, Burke and Macon Counties, N C Aquamarine, 
golden beryl and the more usual varieties occur at Walker Knob, Burke 
Co , and on Whitcrock Mt in Macon Co., but those at the first-named 
locality are not clear enough to furnish gems. Near Clayton, Ga , a 
pegmatite contains large bliiush and yellowish green beryls, some of which 
yield gem material The finest aquamarine ever found m the United 
States was from Stoncham, Me. Near Shelby, Clevelaid Co , and at 
Crabtree Mountain, Mitchell Co , m North Carolina, genuine emeralds 
occur in a pegmatite that cuts basic rocks. Fine emeralds have also 
been mined at Stony Point, N C,, Haddam, Conn., and Topsham, Me 

Production —The total yield of emerald from North Carolina during 
1912 was about 2,969 carats, valued at $12,875 in the rough The 
average value of the cut stone was $25 per carat, but some especially 
fine gems from the Shelby locality were valued at $200 per carat There 
were also produced in the United States during this year other varieties 
of beryl, valued at $1,765. 
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Leucite (K2Al2(Si03)4) 

Leucite occurs almost exclusively in what are apparently simple 
isometric crystals, but which are actually polysynthetic twins of a doubly 
refracting substance At 500° and above, leucite substance is isometric. 
It separates from molten magmas as isometric crystals, which, upon 
further cooling, become twinned The twinning is revealed by striation 
on the crystal faces The substance is, therefore, dimorphous 

Theoretically, leucite is a potassium aluminium metasilicate, but 
most natural crystals contain some soda and many contain small quan- 
tities of calcium The calculated composition of the pure molecule and 
the actual composition of two natural crystals are shown below 



S1O2 

AI2O3 

CaO Na20 

K2O H ..0 

Total 

Calculated 

SS 02 

23 40 


21 58 

100 00 

Mt Vesuvius 

SS 28 

24 08 

60 

20 79 

100 7s 

Mt Vulture 

54 94 

25 10 

I 80 I 23 

IS 18 2 13 

100 38 


The mineral occurs m icositetrahedrons, 202(211), m some cases 
modified by 00 O(iio) and 00 0 00 (100) Twinning parallel to 00 O(iio) 
IS common, but often the twins are polysynthetic and are recognizable 
only by striations on the crystal faces The twinning lamellae are 
anisotropic, as shown by their optical properties, but at 500® the twm- 
mng disappears and the crystals become completely isotrojiic through- 
out 

Leucite is glassy in luster and colorless, white or light gray m color. 
It is transparent or translucent and has a white streak. Its cleavage is 
imperfect parallel to 00 O(iio), and its fracture is conchoidal or uneven. 
It is brittle Its hardness is $“6 and density 2 $. Its indices of refrac- 
tion approximate i 508 

Before the blowpipe leucite is infusible It is soluble in HCl with 
the production of pulverulent silica Its powdei reacts strongly alka- 
line 

It IS distinguished from other minerals by its crystallization, by the 
violet color it imparts to the flame and its reaction toward HCl, It is 
most apt to be confused with analcMe (p, 458) and colorless gameL It 
is distinguished from the latter by its inferior hardness and from the 
former by its mfusibility and failure to yield water when heated in the 
glass tube below red heat Analdte, moreover, fails to give the flame 
test for potash 

The mineral alters quite readily into analcite and some other zeolite, 
into a mixture of orthoclase and nepheline, or into orthoclase (p. 413) 
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and muscovite, or into orthoclase alone. Its final alteration product is 
kaolin 

Syntheses —Us crystals have been obtained by fusing its constituents, 
and also by molting a mixture of SiOa, [lotassium aluminate and vana- 
date, and by fusing a mixtuie of S1O2 and AI2O3 with an excess of KF 

Occufrence —It occurs only in igneous rocks, especially in lavas low m 
silica and high m potash, and in the plutomc rock known as missourite 
In some old rocks it is repiesentcd by its alteration products. In all 
cases it is a ])nmaiy mineral 

Localities — Lcucile is an essential constituent of the lavas m the 
Kaiserstuhl, Baden, in Rhenish Prussia, near Wicscnthal, Saxony, 
in the Siebcnburgci , Bohemia; at Vesuvius, Italy, m the Lcucite Hills, 
and other places in Wyoming, and at several places in Montana, at 
Magnet Cove, Ark , and near Hamburg, N J 

Uses . — It IS suggested that the large masses of leucite rocks m the 
Leucite Hills be used as a source of potash On the assumption that 
the rocks at this jilace contain 10 ]>er cent of K2O it is estimated that 
the total quantity of potash in them amounts to about 200,000,000 tons. 

THE AMPHIBOLOinS 

The amphiboloids embrace a large numbei of minerals, some of 
which are extremely impoitant as lock components. Economically, 



100 100 

Fig. iq8 — Cross-KctUons of Pyroxene (.1) and Amphibolc (J?) Crystals Illustrating 
DilTereuecs m Intersections of Cleavages 

they have little value. Several are used iii the arts, l)ut only to a com- 
paratively slight extent. Apparently they crystallize in the orthorhom- 
bic, monoclinic and trichmc systems. 

The amphiboloids are divisible into two groups, the pyroxenes and 
the amphiloles^ which differ from one another in the ratio between their 



364 


DESCEIPTIVE MINERALOGY 


a and h axes. In the pyroxenes this ratio is nearly i . i, while in the 
amphiboles it is approximately 2 i The angle between the prismatic 
planes ( 00 P, no) on the former is nearly equal (87® and 93“), and on 
the latter very unequal (s6°-i24°). Since, moreover, in all members of 
both groups there is a distinct cleavage paiallel to the unit prism, the 
angles of intersection of the cleavage planes in the pyroxenes and in the 
homblpndes are also different This difference m prismatic and cleav- 
age angles of the two groups senxs leadily to distinguish between them 
(Fig 198) 

The pyroxenes appear to be the more stable at high temperatures 
and the amphiboles under high pressuies Thus pyroxenes are more 
common than the amphiboles m lavas and amphiboles more common 
than pyroxenes in crystalline schists 

Chemically, the amphiboloids are metasilicates of Na, Li, Mg, Ca, 
Fe, Mn, Zn and Al, or isomoiphous mixtures of these metasilicates with 
one another and with an orthosilicate of the general composition rep- 
resented by (Mg Fe)(fAl Fe)0)3Si04 

THE PYROXENES 

(R'SiO,, R'AUSiOa)* and R"ur()bSi(),) 

The pyroxenes occur very widely spread as constituents of igneous 
rocks, and in vems that have been filled by igneous processes. Some 
members of the group are also common metamoriihic pi oducts Although 
crystallizing in different systems their crystals possess a ceitain family 
resemblance, expressed best in their horizontal cross-sections, whidi 
have a nearly orthorhombic symmetry, 1 e , they aic nearly symmetrical 
about two planes at nght angles to one another, passing through the 
a and J axes, which are nearly equal The most perfect cleavage of all 
the pyroxenes is parallel to 00 P(iio), and consequently their cleavage 
angles aie nearly equal (Fig 198A) They approximate 92° and 88°, 
with the plane of the a and c axes (the plane of symmetry in monodmic 
forms) bisecting the acute angle 

The best known members of the series with their axial ratios are 
listed below In the case of the orthorhombic members it will be noticed 
that the shorter of the lateral axes is made r This is done to empha- 
size the correspondence between the orthorhombic, monodmic and tri- 
chmc forms m their axial ratios The usual orientation, that which 
regards the longer of the lateral axes as {(=i) gives a: l> . 9702 

: 1 : 5710 for bronzite, and .9713 : i • 5700 for hypersthene. By 
many authors wollastomte and pectohte are placed in an independent 
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group partly because of the fact that they are much more easily decom- 
posed by acids than are the other pyroxenes, and partly because of 
their very different crystal habits, and different axial ratios 


Orthorhombic (possibly twinned monoclimc) 



MgSiO j 

b 

a f — I OSS 

I 

587 


Bronztte 

(Mg Fe)SiOi 


— I 0308 

I 

S88S 


HypersUiene 

FcSiOa 


= I 02 QS 

r 

S868 



MonocHnic (monoclimc prismatic class) 




WoUastomte 

CaSiOi 

a 

b c —I 0523 

I 

9649 

35 ' 

Pectolite 

HNaCasfSiOala 


=i 1140 

I 

9864 

=84® 40' 
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(Mg Ca)SiO, 


=SI 0921 

I 

5893 

*74'’ ii' 

Sahlite 

(Mg Fc)Ca(SiO,)s 






Eedenhcrgitz 
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SSI 090 

I 

S83 

=74® 10' 
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(Mg Fc)(Ca Mn)(SiO,)j 
(Mg Fc)a(SiO,). 1 
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. (Mg Fe)((Al Fc) 0 )iSi 04 
.Na(Al Fc)(SiO,)s J 


*10955 

1 

5904 

= 74 ° 14' 

Acmite 

NuFc(SiO,)i 


« I 0906 

I 

6012 
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' NdFc(hi 04 )i ) 
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«i oq8 

I 

()0I 

= 7?® 09' 
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' NaAKSK),)i 


=»! lOS 

1 . 
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*72° 45' 

Spodunmie 

biAKSiC),). 


~i 1283 

I 

6234 

=69° 33 ' 


Trichmc (irichmc pinacoidal thiss) 




Rhodonite 

MnSiO, 

a 

5*6 =1 0729 

I 

6213 

^=io8® 44' 

Bnstamite 

(Mn C.i)SiOa 






Babmglonitc 

(Ca Fc Mn)!,Fcs(SiO,)c 


= I 0807 

I 

6237 

^=108° 34' 

Fowlerile 

(Mu Fc‘ Ca Z:n)SiOj 







In addition, there are several comparatively rare monoclimc pyrox- 
enes and one tnclimc form, that contain zirconium. They occur only 
as components of rocks rich m alkalies. 

ORTaomiOMBIC PVROXmBS 

Enstatite (MgSiOs) — ^Bronate — ^Hypersthene (FeSiOs) 

The orthorhombic pyroxenes are isomorphous mixtures of MgSiOa 
and FeSiOa The pure magnesium and iron molecules are not known in 
nature, though the former has been produced artificially. Nearly all 
members of the group contain both magnesium and iron. When the 
proportion of the iron present is small (j per cent FeO), the mbeture is 
known as emtatite Mixtures with $ to i6.8 per cent of FeO (cor- 
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responding to MgO . FeO=3 • ^.re known as hronz^tc and mixtures 
containing more than i6 8 per cent FeO are known as hypersthene 
The composition of MgSiOs and of some typical members of the group 
follow 


S102 

AI2O3 

FeO 

MgO 

CaO 

HsO 

Total 

I 60 03 

II 58 00 

I 35 

3 16 

39 97 

36 91 


80 

100 00 

100 22 

III SS so 

IV 52 12 

I 69 

16 80 

20 94 

27 70 

21 56 

3 20 


100 00 

99 SI 


I Calculated composition of MgSiOa 

II Portion of large crystals of enstatite from Kjorrcstad, Norway 

III Calculated composition of upper hmit of bronzite, i c , m which MgO FcO 

“3 I 

IV Hypersthene powder separated from a gabbro at Mt Hope, Md 


The three minerals occur m crystals that have a well marked ortho- 
rhombic symmetry, but it is believed that this may be a case of pseu- 
dosymmetry only, 1 e , that the minerals may in reality be monoclmic, 
and that their apparently orthorhombic symmetry may be due to 
repeated polysynthetic twinning of very thin lamellae. Monoclmic 
MgSiOa has been made by fusion of S1O2 and MgO in the presence of 
B2O3, but It is not certain that this is identi- 
cal with an iron-free enstatite 

The natural crystals of the oilhorhomlnc 
pyroxenes are columnar in habit and are 
usually bounded by 00 P(i 10), 00 P 08 (010), 
00 Poo (100), P2(2i2), JP 60 (014), with the 
addition on some crystals of ooP2(t2o), 
|Po6(o34), P(iii), 2P2(21i), iPo6(oi2) 
and other forms (Fig 199) All cleave per- 
fectly parallel to ooP(iio) with u cleavage 
angle of 88° 16-20' and 91° 4o'-44', The 
angle iioAiIo=88° 16' to 88° 20'* 

The color and other physical properties of 
the orthorhombic pyroxenes vary with the 
amount of iron present Enstatite is light gray, yellow or green. 
Hypersthene is black, dark purple or dark green Bronzite is brown, 
or some shade lighter than hypersthene and darker than enstatite. 
All colored varieties are pleochroic, the difference in color in different 
directions increasing with the increase in iron Green, red, yellow and 
brown tints are most prominent. All varieties have a colorless streak. 



Fig. 199 — Enstatite Crys- 
tal with 00 P, no (w), 
00 P 5 , 100 (a), oopoo , 
010 (6), iPoo, 023 (5), 
jPeo, 012 (^), iPoo, 
016 { 4 >) and |P, 223 (t) 
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Many hypcisthencs and bronzites exhibit a metallic shimmer on 
ooPo6(oio), due to tiny inclusions with then flat sides parallel to 
this direction The hardness of the orthorhombic pyroxenes vanes 
between 5 and 6 and then density between 3 i and 3 5 increasing with 
the iron present Their refractive indices for yellow light are 

Enstatite a^i 665 iS=i 669 7=1 674 

H3^ersthene =i 692 ==1 702 705 

Before the blowpipe the iron-free members of the series are infusible. 
With increase m iron they become more easily fusible, very ferruginous 
hypersthene melting easily to a greenish black weakly magnetic glass 
When treated with hydrochloric acid the members near enstatite are 
unattacked, while those near hypersthene are slightly decomposed 
Syntheses — Crystals of these pyroxenes have been made by fusing 
the proper components with B2O3, and by heating mixtures of S1O2 and 
MgCl2 They are frequent constituents of slags 

Occurrence — ^The rhombic pyroxenes occur in igneous rocks, in crys- 
talline schists, m metamorphosed dolomites and m veins that have been 
filled by igneous magmas They are not very stable under the condi- 
tions at the earth’s surface They weather to serpentine, hornblende 
and rarely to talc Enstatite occurs also m meteorites 

LocahHes —Good crystals of the orthorhombic pyroxenes are found 
in the volcanic bombs (inclusions m lava) of the Lake Laach district, 
Prussia, in 01 e veinh at Bodenmais, Bavaria, at Mdlnds, Hungary, 
in the trachyte of Mont Dort% France, in apatite veins at Snarum, 
Norway, and in a glassy andesite on Peel Island, Japan In the United 
States they occur m basic coarse-grained igneous rocks m North Carolina, 
Maryland, and the Highlands of New York and New Jersey, m volcanic 
rocks in Colorado, and at the Corundum Mines, in Georgia. Espe- 
cially fine bronzite occurs on Paul’s Island, Labrador. 

MONOCLINJC PYROXENES 

The monoclinic pyroxenes comprise a series of isomorphous mixtures 
of monoclimc metasihcates of Na, Li, Ca, Mg, Fe" and Mn and the 
silicate R" (R'"0)2 Si04, m which R" is usually Mg, Ca or Fe and R"' 
IS A 1 or Fe. 

Although their chemical composition vanes quite widely, the crys- 
tallization of all the members of the group is practically the same With 
the exception of wollastomte and pectolite the habit of their crystals is 
similar and their corresponding interfacial angles have approximately 
the same value. 
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The group may be subdivided into four subgroups (i) the wollas- 
tonite subgroup, including this mineral and pectolile, with calcium as 
the principal metallic component, (2) the magnesium-calcium-iron 
pyroxenes, including diopside, sa\li>te, helmbergite and augUe, and (3) 
the alkali pyroxenes including acm te^jaieite and ^polumene A fourth 
subgroup includes the rare zircomum-bearing pyroxenes All crystal- 
lize in the monoclmic prismatic class 

Wollastomte Subgroup 

These minerals, because their axial ratios are somewhat different 
from those of the other monoclmic pyroxenes, and because they are 
much more easily decomposed by acids, are by some mineralogists re- 
garded as constituting an independent group 

Wollastonite (CaSiOs) 

Wollastomte analyses correspond very closely to the theoielical 
composition required by the formula assigned to it There is, however, 
nearly always a little Fe203 present and usually there arc present also 
small traces of other constituents A dimorph, pseudowollastonite, 01 
P wollastonite, has been made by melting wollastomte and cooling 
slowly, but it has not yet been found m nature Its crystals arc hexag- 
agonal or monoclmic with an hexagonal habit 

S1O2 FeO MnO CaO MgO Na20 H2O Total 
Theoretical 51 75 48 25 . xoo 00 

Bonaparte Lake, N Y 50 66 07 47 98 05 46 72 99 94 

The mineral forms tabular or columnar crystals bounded by 
00Po6(rOo), —P66 (lOl), OP(OOI), P W (loT), O0p2(l2o), — P2(l22) 

and oop|(54o) (Fig 200). Twins are 
sometimes found with 00 P ob (100) the 
twinning plane The angle 540 A 540 = 79® 
S8' The mineral occurs also in granular 
and fibrous masses Its cleavage is per- 
fect parallel to 00 P «5o (100) and only a 
httle less perfect parallel to oP(ooi) 

Wollastomte is usually colorless or 
white, but in some cases is grayish, yellow- 
ish, reddish or brown It is transparent 
or translucent and has a white streak. Its 
luster is glassy except on the cleavage face 
where it is often pearly. Its hardness is 



e 
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117 ^ 
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Fig -200 —Wollastomte Crys- 
tal with oP, 001 (f) , 00 P w , 
100 (g), —PS, lOI (w), 
-HP 00, loi ( 0 , +iPw, 
102 (a) and «» pf, 540 (A) 
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4 5-5 and density 2 8-2 9, and its refractive indices for yellow light 
arc a=i 621, iS=i 633, 7=1 636 

Befoic the blowpipe wollastonite fuses with difficulty to a white 
transparent glass Its fusing point vanes between 1240° and 1325®, 
diminishing with increase in iron It dissolves in HCl, leaving a residue 
of gelatinous silica, and is attacked vigorously by strong solutions of 
NaOH When fused it recrystallizes in hexagonal crystals (pseudo- 
wollastonite) 

The mineral is distinguished from other white silicates by its crys- 
tallization, Its cleavage and its solubility in hydrochloric acid Its prin- 
cipal alteiation is into apophyllite (p 443) 

S} 7 itJte.ses — Ciystals of wollastonite have been made by fusing S1O2 
and CaF2, and by dissolving the hexagonal modification (made by fusing 
and cooling wollastonite) in molten calcium vanadate at 800^-900®. 

Occnrmtcc — Wollastonite is characteristically a product of meta- 
morphic pioccsscs, both contact and regional It occurs in metamor- 
phosed dolomites, m the limestone inclusions in the lava of Vesuvius, 
etc , in many gneisses and in some eruptive rocks. It is found also 
abundantly m calcaicous slags 

Localities — Crystals of wollastonite aie found in the phonolite of the 
Kaiserstuhl, neax Fieiliurg, Bavaria; in a contact metamorphosed lime- 
stone neai Cziklova, Ilungaiy, in the limestone bombs in the lava of 
Mt, Somma, Naples, Italy, and of Santorin, Greece, and in limestone 
at Diana, N Y Granulu or fibrous masses occur also at Attleboro, 
Penn , at dilTcient points in Lewis, Essex and Warren Counties, N, 
y , and at the Cliff Mine, Keweenaw Pt , Mich. 

Pectolite (HNaCa2(Si03)*}) 

Pectolitc was formerly regarded as a partially weathered wollastonite 
Recent analyses, however, indicate that it may have a definite compo- 
sition which can be represented by the formula written above, as shown 
by the analyses quoted below The excess of water shown by most 
analyses is ascribed to the admixture of some weathered material. 



Si02 AI2O2 

M^O 

CaO 

Na20 

K2O 

H2O 

Total 

I. 

S4 23 

. 

33 72 

9 34 

■ . 

2 71 

100 00 

n. 

4S 32 


34 00 

9 32 

. 

2 SS 

100 30 

Ill 

S3 94 71 

I 43 

32 21 

8 57 

•47 

4 09 

100 $2 


I Theoretical 

TT Niakornat, Greenland Contains also 11 per cent Fe^Os 
TTT Point Barrow, Alaska 
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The mineral usually occurs m fibrous masses of acicular crystals 
elongated in the direction of the orthoaxis, but in a few cases in tabular 
forms flattened parallel to oo P oo (loo). Its cleavage is distinct parallel 
to the same plane 

Pectohte when pure, or nearly pure, is colorless or white or gray, and 
transparent or translucent Its luster is pearly on cleavage surfaces 
and satmy on fracture surfaces Its hardness is about 4 5 and its den- 
sity 2 88. When broken in the dark, some specimens phosphoresce 
Its average refractive index for yellow light is i 61. 

Before the blowpipe the mineral fuses to a white enamel It yields 
water when heated in the closed tube and when treated with hot hydro- 
chloric acid It decomposes, leaving a residue of flocculent silica. 

The principal alteration product of pectohte is talc (p 401). 

Synthesis —Small, fine needles of pectohte have been produced by 
heating to 400"" mixtures of S1O2, AI2O3, Na20, CaO and H2O, in various 
proportions 

Occurr&nce.—Tht mineral occurs in druses and as isolated crystals on 
the walls of cracks m eruptive rocks, and also in a few instances as vein 
fillings, and as a constituent of metamorphic rocks. It is mainly a 
secondary mineral 

Localities —Crystals are found in seams m basalts at Edinburghshire, 
Scotland, at Bergen Hill, N J , in clefts m traprock, and in the ^leohte- 
syemte at Magnet Cove, Ark {manganopectolite with about 4 per cent 
MnO) At Barrow Point, Alaska, fine-grained fibrous aggregates are 
found in abandoned workshops of the Eskimo Radially fibrous masses 
occur in the Thunder Bay region. Lake Superior, at Disco, Greenland, 
and at a number of points in the Alps. 

Magnesmm-Calcium-Iron Pyroxenes 

Diopside-Augite 

The calcium-magnesium-iron pyroxenes include a number of com- 
pounds that have been given distinctive names They are apparently 
isomorphous mixtures of the metasilicates of Mg, Ca, Fe and Mn, or of 
these together with the magnesium and iron salts of the basic orthosilicate 
of iron and aluminium (Mg'Fe)((Al'Fe)0)2Si04. 

The crystals of all members of the group are alike in habit and similar 
m their mterfacial angles Their axial ratios are nearly the same and 
the angle jS has nearly the same value in all It is possible that the 
slight differences observed are due to the effect of the varying amounts of 
iron present. The crystals are nearly all short columnar in habit, with 
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the vertical zone well developed The simplest crystals are bounded by 
00 P 6b (loo), ooP(iio), ooP^(oio) and P(Tii), but --P(iii), 
2P(22i), oP(ooi) and 2P^(o2i) are also common (Fig 201) Other 
forms to the number of 95 have been observed, but they are compara- 
tively rare Contact and interpenetration twins are fairly common 
In the contact twins the usual twinning plane is 00 P 6b (100) (Fig 202) 
Polysynthetic twins are twinned parallel to oP(ooi) In the interpene- 
tration twins —P 60(101) (Fig 203) and P2(T22) are the twinnmg 
planes The cleavage is parallel to 00 P(iro), the cleavage angles being 
about 93® and 87®* Partings are also common, parallel to one or the 
other of the three pinacoids 

All the pyroxenes of this group have a glassy luster and are trans- 
parent or translucent. Their color varies with composition as does also 


Fig 201 Fig 202. Fig 203 

Fig 201 — Axigilc Crystal with P, no (in), 00 p « , joo (a), 00 P w , 010 (b) and 

P, Til (s). 

Fig 202. — Augitc Twinned about 00 P 60 (100) 

Fig 203 —Interpenetration Twin of Augite, with -P 00 (loi) the Twinning Plane 

their hardness and density. The limits of hardness are $ and 6 and of 
density 3 2 and 3 6. The streak of all varieties is white Pleochroism 
has been observed m some occurrences but it is not as noticeable as in 
the corresponding amphiboles. In the pyroxenes of this group it is 
usually in shades of green, but in the diallage of the Lake Superior region 
It IS fairly strong in shades of amethyst 

Before the blowpipe the members of the group are fusible, their 
fusibility increasing with the quantity of iron present The fusing 
temperature of the pure diopside is 1381® and of hedenbergite iioo®- 
1 1 60®, The fusing points of the other pyroxenes of the group he between 
these temperatures None of the varieties are attacked by acids to any 
appreciable degree 

All the pyroxenes are distinguished from other minerals by their 
crystallization and their cleavage. 
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Diopside is a mixture of the magnesium and calcium silicates m which 
the two molecules are m the ratio i i With the addition of the cor- 
responding iron molecule diopside grades into sahlite The calculated 
composition of a mixture of the formula MgCa(Si03)2 is indicated in 
the first line The compositions of several typical diopsides are quoted 
in the following two lines 



Sl 02 

AI2O3 Fe203 FeO MgO 

CaO 

Total 

Theoretical 

ss ss 


18 52 

25 93 

100 00 

Albrechtsberg, Aus 

55 60 

16 

56 18 34 

26 77 

lOI 43 

Alathal, Switzerland 

54 28 

51 98 

I 91 17 30 

25 04 

100 02 


Its crystals are usually characterized by the presence of the basal 

plane (Fig 204) The value 
of the angle iioA 110=92° 
so' 

Diopside IS usually light 
green or colorless, yellowish, 
dark green or nearly black 
and rarely deep blue The 
lighter varieties are transpar- 
ent or translucent, the darker 
ones opaque The density of 
the pure mineral is 3 2$, Its 
refractive indices for yellow 
lightare.o:« 1.668s, 1.675s, 
7=16980. All these values 
increase with increase m the iron molecule Among the varieties that 
have been given distinct names may be mentioned 
MalacolUe, a pale colored translucent variety, and 
Ckroine-(kopstde, a bright green variety containing from one to 
several per cent Cr203 

Diopside occurs in igneous rocks and in metamorphosed limestones. 

Hedenbergite is the calcium-iron pyroxene, though it always con- 
tains some of the diopside molecule The calculated compositions of the 
type mmeral (FeCaS206) and of a specimen from its best known locality 
are. 

S1O2 AI2O3 Fe203 FeO MgO CaO Total 

Theoretical 48 39 29 43 22 18 100 00 

Tunaberg, Sweden 47 62 i 88 10 26 29 2.76 21.53 18 




Fig 204 —Diopside Crystals with 00 p, uo 
(w), 00 Poo, 100 (a), 00 p So, 010 (6), oP 
001 (c), -P, iix W, 4 - 2 P, 221 W, 3P3, 
3H (A), +P00, loi (p) 
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The mineral is black, except varieties that contain Mn which are 
grayish green It occurs in crystals (Fig 205) 
and in lamellar masses Its density is 3 31, and 
refractive indices for yellow light, a== i 7320, 

/ 3 =i 7366, 7 = 1 7506 

Sahlite. — Intel mediate between diopside and 
hedenbergite are several pyroxenes which are 
characterized by possessing all three of the 
elements Ca, Mg and Fe in notable amounts 
Of these the most common is sahlite, which is 
grayish, grayish green or black It occurs m 
crystals and granular masses 

A typical analysis follows, the specimen 
coming from Valpelema, Italy 

S1O2 Al203 FeO MgO 
54 02 20 8 07 13 52 

Schefferite is a brown or black pyroxene characterized by the fact 
that It contains considerable manganese It may be regarded as heden- 
bergitc in which a portion of the iron molecule has been replaced by the 
corresponding manganese molecule A specimen from the best known 
locality for the species — Langban, Sweden — ^gave* 

Si 02=S2 28, FeO=3 S3, MnO=8 32, MgO~is 17, CaO=i9 62=99 22 

It occurs m tabular crystals that aic usually elongated m the direction 
of the zone 00 Pw (010), PCiri), Poo (Toi) and in crystalline masses 

The mineral is yellowish brown or black, according to the percentage 
of iron present Its sp gr. is 3.46-3.55 and its fusing temperature 
1200^-1250® 

A fine blue variety, known as molanf from St Marcel, Italy, is char- 
acterized by the presence of about 5 per cent Na20, due possibly to the 
admixture of NaMn(Si03)2 Its sp gr.=3 21. 

Jefifersonite is a variety containing zinc, occurring at Franklin Fur- 
nace, N J. It is found in large crystals with rounded edges Its color 
is greenish black on fresh fractures and chocolate brown on exposed sur- 
faces. An analysis yielded 

Si02 AI2O3 FeO MnO ZnO MgO CaO H2O Total 

49 91 I 93 ro 53 7 00 4 39 8 18 15 48 1 20 9862 



Fig 205 — Hedenbergite 
Crystal Forms a, 7n, 
b, r, Of pf u and s as 
in Fig 204 Also 2P 03 
021 (5) and 00 P5, 5x0 

ix) 

CaO Total 

24 88 100 69 
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Augite IS the name given to the Ca-Mg-Fe pyroxenes containing 
alumina They are isomorphous mixtures of (Ca, Mg, Fe) S1O3 with 
the alumino and ferric orthosihcates of the same metals, and often with a 
sTtiall quantity of the acmite or jadeite molecule The varieties of augite 
are numerous, their composition and properties differing with the pro- 
portions of the vanous molecules in the compounds The three most 
proimnent varieties are 

Fassaite, a pale to dark green nchly magnesian variety Sp gr = 
2 98 

Ordinary augite, a dark green or brownish black vaiiety, common 
m Igneous rocks Specific gravity 3 24 For yellow light, «=! 712, 

5=1717,7=1733 

DtaUage, a variety that is characterised by the possession of a 
distmct partmg and a lamellar structure, usually parallel to 00 P m 
(100). 

Owt/iAocife IS a bright green sodic vanety Spgr=3 33 Analyses 
of fassaite (I), of three varieties of augite (II, III, IV) and of ompha^ 
ate (V) follow. 



SiOs 

AI2O3 

FeaOs 

FeO 

MgO 

CaO 

NazO Loss 

Total 

I 

41 97 

10 63 

7 36 

SS 

26 60 

ro 29 

2 70 

100 10 

II 

SO 41 

6 07 

r 09 

6 78 

12 92 

22 75 


100 02 

m 

SI 01 

4 84 

3 $1 

3 16 

16 58 

20 80 


99 90 

IV 

46 9 S 

9 7 S 

4 47 

4 09 

16 04 

rq 02 

. 

100 32 

V 

S 4 2r 

ro 91 

3 12 

I 33 

10 03 

14 61 

4 - SI -OS 

100 15 


I Grass green, Fassathal, Tyrol 

II Yellow, Monte Sonuna, Italy 

III Dark green, Monte Somma, Italy 

IV Black, Monte Somma, Italy 

V Omphaate from the Eclogite of Otztal, Tyrol Also 92% KaO and .46% TiOo. 

The augites are usually in short pnsmatic crystals (Figs. 201, 202). 
They are common constituents of igneous rocks 

AU the p3rroxenes of this group are subject to change under the 
conditions on the earth’s surface Under the influence of the weather 
they alter to chlorite Under metamorphosing conditions they change 
into the corresponding amphiboles, more particularly into the bright 
green vanety known as urakte. Alteration to serpentine is also 
common. Steatite, tremohte, epidote and other minerals are also 
frequent alteration products 
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Syntheses — Diopside and augite are common m furnace slags. They 
have been made by fusing their constituents m open crucibles, with or 
without the addition of a flux Molten hornblende crystallizes as 
monoclmic pyroxene 

Occurrence — ^The most common methods of occurrence of the various 
pyroxenes have already been mentioned The magnesium-calcium 
varieties such as diopside and sahlite are found principally in metamor- 
phic limestones The green varieties are most common in schists and the 
black varieties in igneous rocks, especially the basic ones Augite often 
occurs also in ore veins, especially with magnetite 

LoedtUes —The occurrences of the various pyroxenes are so numerous 
that they cannot be enumerated here It will be sufficient to state that 
good crystals of diopside are found in the Ala Valley, Piedmont, at Zer- 
matt, in Switzerland, at Pargas, in Finland, and Nordmark, in Sweden. 
Hedenbergite occurs at Tunaberg, Sweden, and Arendal, Norway, 
schefferite at Langban, Sweden, and augite at Mt Monzoni, in the 
Fassathal, Traversella, Piedmont; Mt Vesuvius, Italy, the Sandwich 
Islands and the Azores 

In the United States good crystals are found at Raymond and Rum- 
ford, Me (diopside, sahlite), at Edenville and Dekalb, N Y (diopside), 
and at Franklin Furnace, N J (hedenbergite and jeffersomte) 

Alkali Pyroxenes 

The alkali pyroxenes are characterized by the piesence in them of 
alkalis, especially sodium They may be regarded as isomorphous mix- 
tures of the sodium, lithium, iron and aluminium metasilicates, thus 
Na2Si03+Fe2(Si03)3**2NaFe(Si0;})2, or Na2Si03+ AI2 (8103)3 “sNaAl 
(8103)2 The three most common alkali pyroxenes are acmite, jadeite 
and spodumene Spodumene is used as a source of lithium Jadeite 
was formerly a favorite material from which to carve sacred emblems 

Acinite— Aegirine 

Acmite has a composition corresponding to the formula NaFe(SiOa)2, 
and is rare More commonly this molecule is mixed with the augite 
molecule in the compound known as aegtrzne or aegtrtte, or aegir%ne-‘ 
augite^ according to the proportion of the augite molecule present 
When the mixture contains about 2.50 per cent Na20 the correspond- 
ing mineral is usually known as aegerine-augite. When MgO and CaO 
are absent (Na20= 12-13 per cent), it is known as acmite. Between 
these limits it is aegirine. 

The calculated compositions of the pure acmite molecule and the 
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composition of specimens of acnute, aegirme and aegirine-augite as 
found by analj^es are 


S102 

AI2O3 

Fe203 

FeO 

MgO 

CaO 

Na20 

K20 

Total 

I SI 97 


34 60 




13 43 


100 00 

n. SI 66 


28 28 

S 23 



12 46 

43 

100 25* 

ni 49 32 

00 

00 

16 28 

S 6S 

4 28 

9 39 

8 68 

68 

100 41 t 

IV. so 33 

30 


12 37 

10 98 

22 01 

2 14 

94 

99 731 


I Theoretical acmite 
II Acmite, Rundemyr, Norway 

III Aegirme, Sarna, Dalekarlien 

IV Aeginne-augite, Laurvik, Norway 

* Contams also 6g per cent MnO, 39 per cent H^O and i ii per cent TiOj 
t Contains also i 25 per cent T1O2 
t Contains also 66 per cent TiC)2 


Acmite crystals are usually more acicular m habit than those of the 
ordinary pyroxenes, and their terminations arc steeper P(Tii) and 



P66(Toi) are common and 6P("66i) and other 
steep p 5 n:amids are not uncommon (Fig 206). 

The mineral has a vitreous luster, and is 
transparent or translucent Its color is reddish 
brown to brownish black and in some cases 
green Its hardness is 6 and sp gr. = 3 52 Its 
refractive indices for yellow light arc. a = 1,7630, 
13=1 7990, 7=1 8126 

Aegirme is greenish black Its streak is 
yellowish gray or dark green. Plcochroism is 


Fig 206 — ^Acmite Crys- 
tal with 00 p 00 , 100 
(a), ooP 55 , 010 (b)f 
jop, no (w), +P, 
III (s), +3P3) 311 
(5), +6P, 56i (0) 


strong in green and brown tints. Ilaulncss is 6 
and density 3 52 

Before the blowpipe acmite and aegirine fuse 
to a black magnetic globule The fusing tem- 
perature of acmite is from 970® to ro2o® Both 


and 8P, FSi (Q) 0 minerals are slightly attacked by acid before and 
and 0 merge f^slng 


Synthesis — ^Acmite has lioen made by the 
fusion of a mixture of powdered quartz, Fe203 and NaoCOjj in the pro- 
portions indicated by the formula NaFe(Si03)2 


Occurrence — ^Both minerals are limited in their occurrence to soda- 


nch igneous rocks, m which they are primary 

LocaMtes — Crystals of acmite occur in a dike of pegmatite near 
Eker, Norway, and in a nephelme syenite at Ditro, Hungary, 
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Aegirine crystals are more common They occur abundantly in the 
nepheline syenite dikes in the neighborhood of Langesundfjord, Norway, 
m some instances m crystals a foot long. They are found also in can- 
crimte syenites at Elfdalen and elsewhere in Sweden, in nepheline 
syenite on the Kola Peninsula, Russia, and in the same rock at Hot 
Springs, Ark. 

Jadeite (NaAl(Si 03 ) 2 ) 

Jadeite is not known in measurable crystals, but, because sodium 
is almost universally present m the mineral spodumene, where it is ap- 
parently in isomorphous mixture with LiAl(Si03)2, it is assumed that the 
molecule NaAl(Si03)2 ciystallizes in the same way as the spodumene and 
the acmite molecules Most specimens of jadeite are isomorphous mix- 
tures of the jadeite and diopsidc molecules When m addition to these 
there is a notable admixture of the acmite molecule, NaFe(Si03)2, 
the mineral is known as chloromelamte 

The mineral is of great ethnological interest because so many orna- 
ments were made of a rock composed mainly of jadeite by the ancient 
inhabitants of China, Mexico, South Amenca and elsewhere '' Jade 
ornaments, however, arc not all made of jadeite, but in all instances their 
material resembles this mineral in color, structure and density Many 
of them aie made of fibrous amphiboles, some of which correspond to 
jadeite in composition 

The Iheoietical composition of the mineral is given in line I, and the 
analyses of specimens from Mexico and China in lines II and III, 
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68 
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i 37 
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I Theoretical 
II Oavita, Mexico 
III Ornument, China 


Jadeite occurs in fibrous, flaky and dense, finely granular masses 
with a glassy luster, inclining to pearly on cleavage surfaces Its color 
is m some cases white or yellowish white, but more frequently bright 
green or bluish green. Its streak is white Its cleavages make angles 
of 87® Its fracture is tough and splintery. Its hardness is 6 7 and its 
density 3.3-3 33* Its intermediate index of refraction, 1.654 
Before the blowpipe j'adeite fuses easily to a transparent, blebby glass 
It IS unattacked by acids. After fusion, however, it is easily decomposed 
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by HCl and sometimes by Na2C03 At high temperatures (225'" 
235°) it IS also decomposed by water 

Jadeite alters by metamorphic processes to a white hornblende 
(tremolite) 

Localities —Ornaments and instruments made of jadeite, and water- 
worn fragments of the mineral are known from many localities m China, 
Tibet, Burma, Switzerland, France, Egypt, Italy, Mexico and Central 
America The original sources of the material of the ornaments are 
not known The mineral, however, occurs with albite and nepheline 
in a dike at Tawman, Burma, and probably as a constituent in some 
metamorphic schists. 


Spodtunene (LiAl(Si 03 ) 2 ) 

Spodumene is essentially the lithium molecule corresponding to the 
sodium molecule jadeite Nearly always, however, the mineral contains 
some of the sodium molecule, and a small quantity of helium Three 
t3pical analyses are quoted below 
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Crystals are usually columnar parallel to 00 P (no) or tubular par- 
allel to 00 P 60 (100) (Fig 207) They are more complex than those of 
the members of the diopside-augite group and their habit is different 
The most frequent forms are 00 Poo (100), 00 Poo (010), ooP(iio), 
ooP2(i2o), ooP3(i3o), 2P 03(021), 2P(22i) and P(Tn) Some of 
them are of enormous size In the Etta Mine, Black Hills, South 
Dakota, are many 30 ft long and 3-4 ft, in diameter. One meas- 
ured 47 ft, m length. Most crystals are striated vertically. Twins are 
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fairly common, with ooP(iio), the twinning plane Although ciystals 
are not uncommon the mineral more fiequently occurs as platy or scaly 
s-ggregates The angle no A iTo=93° 

Spodumene has a glassy lustei, which is pearly on cleavage surfaces 
Its color is white, gray, greenish or yellowish 
green, or amethystine It is transparent or 
translucent, and its streak is white Its 
fracture is uneven or conchoidal, its hardness 
between 6 and 7 and its density 3 2 Dark 
green crystals exhibit marked pleochroism 
Refractive indices for yellow light m speci- 
mens from North Carolina are a:=i65i, 
iS=i 669, 7=1 677 

Two varieties have been named and used 
as gems These are 

HtddenUe, a glassy emerald-green variety, 
from Alexander Co , N C 

Kunztte, a pink or lilac variety, from 
San Diego Co , California Under the influ- 
ence of radium rays it becomes green When 
heated to 240® it becomes a darker rose 
color, but at 400° it loses all color 

Before the blowpipe the mineral swells up and fuses to a colorless 
glass, at the same time imparting a crimson color to the flame It is 
unaltackcd by acids. It melts at about 1325® Its powder reacts 
alkaline 

It alters readily to albite, muscovite, eucryphte (LiAlSiOt), or mix- 
tures of these One of the commonest mixtures is known as cymakhte 
or cumatohte. The mixture of albite and eucryptite has been called 
^ spodumene, 

Spodumene crystals have not been made artificially 
Ouurrence mid Ongzw — ^The mineral occurs in granites, pegmatites 
and ciystallmc schists, where it was formed by pneumatolytic processes 
It is often associated with cassiteritc 

Localities — Spodumene crystals occur at Huntington, Mass , in a 
quartz vein in mica schist, at Branchville, Conn , in pegmatite, at 
Stony Point in Alexander Co , N, C , in cavities in a gneiss, at the Etta 
Mine and at other places in the Black Hills, N D., in a pegmatite; at 
the lepidolite localities in California and in Mmas Geraes, m Brazil 
Use^ —The ordinary varieties of the mineral are used as a source of 
lithium in the manufacture of lithium salts, and the transparent varieties 


Fig 207 — Spodumene Crys- 
tal with oopoo, 100 (tf), 
ooP , 010 (6), OOP, 110 
(w), 00 P 2, 120 (ju). 00 P3, 
130 («), 2P«), 021 (d), 
-I-2P, 221 (f), +P, III 
ip ), 2P2, 211 (/) and P w , 

loi (p) 
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as gems The total production of kunzitc m this country during 1912 
was valued at $18,000, all from California One specimen found in this 
year weighed 475 oz Another was a crystal measiuing 9X SX^- inches 
The other forms of the mineial were not mined In locent years a few 
tons have been furnished by the mines in the Black Hills 


TRICLINIC PiROXENEii 

The trichmc pyroxenes include the four mmeials rhodonite, hmtamik, 
fowlente and bahngtomte They are comiiletely isomoijihous The 
first is the manganese metasilicate, MnSiOa, and the otheis aic iso- 
morphous mixtures of this molecule with the coricsponding silicate of 
rfll niim (bustamite), or of these two with the corresiionding non (babing- 
tomte), or with the iron and zinc compounds (lowlei ite) 

Rhodonite— Fowlente (R"MnSiOj. R = Ca,Fe,Zn) 

Rhodomte is the pure manganese silicate with the peueiitage com- 
position shown m I In II is the result of an analysis of ciyst.ils fiom 
Pajsberg, Sweden An analysis of bustamite fiom Cainpiglia, Italy, is 
quoted in III and one of fowlente from Franklin Furnace, N J,, in IV 
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All are triclimc (pinacoidal class), with the axial constants of 



r 0729 : I : .621J, 

19', ^=108” 44', 7=81" jo' 
for rhodonite, and 1 0807 : i 
; .6237 and «— 102® 27', 
j3= 108® 34', 7=82® 5,}' for 
liabingtonitc. Their crys- 
tals possess many habits, of 
which the cubical, tabular, 
and columnar are the most 


Fig 208 — ^Rhodonite Crystals with 00 T, i7o common. 'I'hey an* usually 
(.M), «sP', no («), oP, 001 (c), 00 Poo, rough with roundetl edges, 
CO Poo, 010(6), 2,P, 221 C*)imd2P„ 'Phe most frwiuently oc- 

” furring forms are oI*(ooi), 

00 Poo (100), 00 Pa (010), ooP'(no), ooT(i7o), Ib(ui) and 

2/P^2i) (Fig 208) The angle iooAooi = 72® 37'. Their cleavage 
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IS perfect parallel to ooP'(iio) and oo 'P(iTo) Although crystals are 
fairly common in some places, the minerals are more usually in dense, 
structureless or finely granular masses 

All the triclinic pyro\enes have a glassy luster which is somewhat 
pearly on cleavage surfaces They are transparent or translucent and 
all except babingtonite have a rose-red color when pure When mixed 
with other substances their color may be yellowish, greenish, brownish 
or black They are pleochroic in rose and yellowish tints Their streak 
is always reddish white Babingtonite is greenish black and is pleo- 
chroic in green and brown tints All have an uneven fracture Dense 
varieties are tough and their crystals are brittle Their hardness 
= 5-6, and density 3 4-3 7 The intermediate refractive index of rhodo- 
nite IS I 73 for yellow light 

Before the blowpipe all become black, swell and fuse to a brown 
glass The fusing tempeiature of rhodonite is about 1200® and of 
bustamite about 1300° They are attacked by acids with loss of cdor 

When exposed to the weather the membeis of the group containing 
manganese alter to a mixture of which the principal constituents are a 
manganese oxide, Mn203, silica and water, or to mixtures of carbon- 
ates of manganese, or a mixture of the carbonates of manganese, iron 
and calcium 

Syntheus — Crystals of rhodonite have been prepared by fusing a 
mixtuie of S1O2 and Mn02 and bypassing a current of steam and CO2 
over a icd-hot mixture of MnCb and S1O2 Rhodonite and babington- 
ite crystals are also formed in the slags of manganese iron furnaces, and 
the latter has been found in cavities in roasted iron ores 

Occurrence — ^The memliers of the group containing manganese occur 
m veins of magnetite, copper and other metals, and in contact zones 
between limestones, shales and igneous rocks, associated with other 
manganese minerals. Under these conditions they may have been pro- 
duced by the help of magmatic emanations Rhodonite occurs also with 
rhodochrosite in deposits of manganese ores and in other associations, 
where it may be of secondary origin. Babingtonite occurs principally 
as a rare component of siliceous rocks 

Localities — Crystals of rhodonite and bustamite occur m iron ore 
deposits m the gneiss of Langban, Sweden Fine crystals of rhodonite 
are found m the iron ore at Pajsberg, Sweden, and crystals of fowlerite 
in metamorphosed limestone associated with the zinc ores at Stirling 
Hill and Franklin Furnace, N J Massive rhodonite is abundant at 
Jekatermburg, Ural, Russia, at Kapnik, Hungary, at Blue Hill Bay, 
Maine, and in Jackson Co., N C,, associated with wad Massive bus- 
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tamite occurs at Rezbanya, Hungary, in veins m limestone, and at Mts 
Civillina and Campiglia, Italy, m fibrous masses Babingtonitc occurs 
in a mica schist at Athol, Mass , and in druses in granite at Baveno, 
Italy, and in the ore veins at Arendal, Norway 

The principal occurrences of gem rhodonite in tins country are in 
Siskiyou Co , Cal , and near Butte, Mont In the former locality the 
mineral occurs nine miles north of Happy Camp m a fine-grained 
quartz schist It consists of a mixture of quartz grains cemented by 
rhodonite and traversed by veins of pyrolusite The Montana material 
IS in radiating groups with quartz, pyrite and brown manganese ovide 
At the Alice Mine it is associated with rhodochrositc 

Uses and Production — Transparent rhodonite is used as a gem-stone 
to a slight extent The total yield of the material m the United States 
during 1912 was valued at $550, 


THE AMPHIBOLES 
(R^SiOa, R'AUSiOa)^ and R"(R'" 0 )iSi 04 ) 

The amphiboles are common alteration products of ])yro\Tnes and 
some other silicates The> are also abundant as components of ceitain 
schistose rocks, as for instance, the hornblende schists, and they ottui 
also as original constituents of igneous rocks. The ciy^stals of all the 
amphiboles are similar m habit to those of the pyro\cMU‘s (Fig 209), 
but since the ratio between the a and h axes is about e; to 1 , the angles 
between their cleavage planes, which, like those of the pyroxenes, are 
parallel to ooP(iio), are from 54® to <56® and 124® lo 126® (see Fig 
198B) The plane of symmetry bisects the obtuse angle. 

The members of the group are about as numerous as thos<* of the 
pyroxenes, but the common types are much fewer. Moreover, there is 
no subgroup corresponding to the wollastonite suligroup of the pyrox- 
enes, The best known members of the series, with their axial latios are: 


Orthorhombic (possibly twinned monoclinie) 
Anthophylhie f (Mg Fe)Si 08 a h * \ i * 7^ 

Gcdnte [ (Mg*Fe)(AI0)2&i04 *.523 t . ,217 
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Cumimnitomte 
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Hornblende 


Monoclimc (monocliiuc prismatic class). 
MgsCa(Si 08)4 a • 6 : rw,s4T5 * t * .3886 

(Mg Fe) 8 Ca(Si 05)4 
(Fe Mg)Si 08 
FeSiOs 

(Mg Fe) 8 Ca(Si 08)4 


(Mg Fe)((Al Fc)0)2Si04 
NaAl(Si08)3 
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Glaucophane | 

NaAKSiOa)! 1 
(Fe Mg)SiO, J 

= S 3 I 

29 

13 = 77 * 

Arfvedsomte | 

(Nas Ca Fe)SiO, 1 

(Ca Mg)((Al FelOjSiO J 

= 5496 I 

297s 

/3 = 7 S“ 4 S' 

Riebeckilc 

NaFe(SiOj)j 

= S 47 S I 

292s 

18 = 76“ 10' 

CrocidolUe | 

AemgmatUe 

f NaFe(SiO,)2 
[ FeSiOj J 

Tnchnic (tnclimc pinacoidal class) 
Na4Fei)(Al Fe)i(Si Ti)uO,8 = 6778 r 

3506 

jS = 72*49' 


ORTHORHOMBIC AMPHIBOLES 


Anthophyllite — Gedrite 

The orthorhombic amphiboles are comparatively rare They are 
isomorphous mixtures of MgSiOa, FeSiOs and the alummo-orthosihcates 
(Mg- Fe)(A 10 ) 2 Si 04 The pure MgSiOa has not been found in nature, 
but it has been produced in the laboratory The mixture of the mag- 
nesium and iron silicates (Mg-Fe)Si 03 , is known as anthophylhte. In 
nature it always contains a little of the molecule (Mg-Fe)(A10)2Si0i 
Gednte, which is much less common than anthophyllite, contains more 
AI 2 O 3 than does this mineial, which may be regarded as due to a larger 
admivtuic of the molecule (Mg Fe)(A10)2Si0i. The name is thus 
applied to aluminous anthojiliyllitcs 

The diflcrencc in comiiosition of the two minerals is shown by the 
following analyscb of (I) anthophyllite and (II) gednte 

S 1 O 2 FeaOj AbO,! MnO FcO MgO CaO Na20 H 2 O Total 

I 57 98 63 31 10 39 28 69 20 I 79 99 99 

II 46 x8 44 21 78 . . 2 77 25 0$ . 2 30 I 37 99 89 

I Brown crystals, Franklin, Macon Co , N C. 

II Colorless pnsms, Fiskcrnas, Greenland 

The orthorhombic amphiboles usually occur in platy or fibrous 
aggregates that rarely show traces of end faces, and, consequently the 
ratio between c and b is not accurately known. The planes in the pns- 
matic zone are, however, sometimes so well developed that they 
can be recognized as ooPo6(ioo), ooPo6(oio), and ooP(iio) 
Cleavage is perfect parallel to oo P(iio) and distinct parallel to oo P o& 
(010) The cleavages intersect at angles 54® 2o'-55® 18'. 

The minerals have a glassy luster which is slightly pearly on cleavage 
surfaces They are green or brown in color and have a colorless, yellow 
white or gray streak and are translucent and pleochroic in colorless. 
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greenish and brownish tints Their fracture is somewhat conchoidal 
Hardness is s 5 and density 3 2 The refractive indices for yellow light 
m anthophyllite are o'=i 633, 18=1642, 7=1 ^> 57 , and in gcdnte, 
I 623, I 636, and I 644 

Synthms — ^Pure magnesium metasilicate has been made in ortho- 
rhombic crystals mixed with monoclmic crystals, by rapid cooling of a 
magma made by heating Mg salts and silica with water at 375'’~47S'* 

Occurrence'— Tht minerals are found in crystalline schists— more 
particularly in hornblende gneisses and hornblende schists, where they 
are distinctly metamorphic minerals, having been derived in some cases, 
at least, by the alteration of the orthorhombic pyroxenes They alter 
to talc 

Localities —Anthophyllite occurs m dark brown platy abrogates at 
Kongsberg and Modum in Norway, associated with hornblende m mica 
schists, on the Shetland Islands, Scotland, associated with sei pen tine, 
and at the Jenks Corundum Mine in Macon Co , N C 

Gednte occurs in yellowish gray fibrous aggregates at Bamle, Norway, 
in dark brown aggregates associated with magnetite and brown mica, at 
Gedres, Hautes-Pyr6nees, France, and m a mica schist at Fiskernas, 
Greenland, associated with a large number of metamorphic minerals 

MONOCLINIC AMPIIIBOLES 

The monoclmic amphiboles, like the corresponding pyroxenes, com- 
prise isomorphous mixtures of the metasihcates of Na, Mg, Cu and Fe 



Fig 209 — Ampibole Crystals with 00 P, no (m), 00 p So , 010 (6), ^ PJ, 130 (e); 
P w , on (r) and — P w , lor (t), 

and the basic orthosilicates of A 1 and Fe Recent work seems to indi- 
cate that in tremolite there is present also a little H20, In the amphi- 
boles the alumino-silicate is more common than in the jiyroxencs and 
consequently aluminous amphiboles are more common than aluminous 
pyroxenes 
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All the monoclmic amphiboles crystallize with the same habit in 
crystals that are columnar like those of the corresponding pyroxenes, 
but on which the terminations are different (Fig 209) Moreover, all 
have a distinct cleavage parallel to ooP(iio) with cleavage angles of 
about 56°-! 24° 

The amphiboles aie distinguished from other minerals by their 
crystallization and their cleavage 

For convenience, the monoclmic amphiboles may be subdivided into 
(i) the magnesium-calcium-iron amphilioles including tremohte^ actino- 
hte, cimmingtomte, gmnente and hornblende^ and (2) the alkali amphi- 
boles, including mfvedsomte, glaiicophane and nehechte 

Before the blowpipe all the members of the group fuse to a glass which 
IS coloiless, green or black, according to the quantity of iron present 
The varieties rich m iron are attacked by acids 

Magncsium-Calcium-Iron Amphiboles 
Tremohte-Homblende 

This group includes the monoclmic amphiboles that are mainly meta- 
silicates of magnesium and iron and the mineral hornblende, which is a mix- 
ture of these molecules and the orthosihcate (Mg Fe)((Al* Fe)0)2Si04 
The calcium mctasilicate is present m some members as an isomorphous 
mixture, but it does not occur alone as an independent member corre- 
sponding to wollastomtc among the pyroxenes Hornblende is the only 
member of the senes that is essentially aluminous 

The ciystals of the monoclmic amphiboles are short columnar or 
long and acicular. Their axial ratios are nearly alike and their cleavage 
angles differ only by a few minutes. The simplei crystals are bounded 
by CO Fob (100), ooPw(oio), ooP(iio), oP(ooi), 3?^ (031), 
+P 6b (Toi), — Pob(ioT), 2P2(T2 i), 2r2(2ii) and Pw(oii) (Fig 
209). Contact twins arc common, with coP 6b (100) the twinning 
plane as m the pyroxenes Polysynthetic twins are lare 

All the amphiboles of this grouj) have a glassy luster and are trans- 
parent or translucent All the members but hornlilende are white or 
some shade of green, though colorless and brown varieties are not un- 
common and yellow and red varieties are known. Hornblende is fre- 
quently so dark as to be almost black Their streak is light, hardness is 
S-6 and density 2 o-"3 4? depending upon composition 

The cleavage is jierfect in all the amphiboles and there is present 
often also a parting parallel to 00 P c» (100) and P 60 (Toi), the latter due 
to gliding Pleochroism is strong in all the colored varieties m green 
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and yellowish green tones in the green varieties, and brown and yellow- 
ish brown tints in the brown varieties 

Tremolite is the calcium magnesium silicate When there is mixed 
with this the corresponding iron molecule the mixture is known as 
aOinokte if the proportion of the iron molecules present is not great 
The theoretical compositions of the two molecules Mg3Ca(Si03)4 and 
Fe3Ca(Si03)4 are given in lines I and II, and analyses of several trem- 
olites and actinohtes in lines III, IV, V and VI The almost universal 
presence of small quantities of water in tremolite, and the lack of 
enough Mg, Ca, Fe and other metallic bases to satisfy all the SiOj re- 
vealed by the analyses has suggested to some mmeialogists that the 
water is an essential part of the compound, and that its composition is 
best represented by Mg6Ca2H2(Si03)8 



S102 

AI2O3 

Fe 203 

FeO 

MgO 

CaO 

Na20 H2O 

Total 

I 

S 7 

72 





28 83 

13 45 


TOO 

00 

II 

46 

90 



42 

17 


10 9.1 


100 

00 

III 

58 

27 

33 

tr 



25 93 

II 90 

12$ I 22 

00 

40“ 

IV 

57 

40 

38 


I 

36 

25 69 

13 89 

40 

99 

12 

V 

58 

80 



3 

05 

22 23 

16 47 


TOO 

55 

VI 

55 

50 



6 

25 

22 56 

13 46 

X 29 

99 

06 


I Theoretical for MgjCa (SiOOi 
n TheoteUcal for FciCa (SiOili 
in Tremolite, Easton, Pa 
IV Tremolite, Gouverncur, N Y 
V Asbestus, Bolton, Mass 
VI Actmolite, Gremer, Zillcrthal, Tyrol 

* Also oS MnO and 42 KjO. 

Tremolite is white 01 nearly white, and actinolitc is green The 
former occurs m columnar crystals, in plates and occasionally in libers, 
while actmolite is nearly always in long, slender acicular ciystals without 
terminations The refractive indices for yellow light in liemolitoaie 
«=i 6065, j8*i 6233, 7=1.6340, In actmolite, «= 1.61 16, (i-i (1270, 
7=1 6387 

Both nuneraJs melt in the blowpipe flame, the fusing temperature 
for tremohte being about 1290® and for actmolite about 1150®. 

Asbestus is a fibrous vanety of tremolite, actinolitc or anlhophyllite. 
It occurs pnnapally in rocks that have been crushed ami sheared under 
great pressure The actmolite asbestus is used for the same puriiosc as 
the chrysotile vanety (see p 398), but it is regarded as less valuable. 
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Its principal source in this country is Sails Mountain, Georgia, but prom- 
ising deposits have recently been reported near Kamiah, Idaho At the 
Georgian locality the asbestus forms distinct lenses in gneiss It is 
possibly an altered basic intrusive rock. 

Smaragdite is a grass-gieen actmolite, which is often an alteration 
product of pyroxenes and olivine The name is also applied to a bright 
green hornblende containing a little chromium 

Nephrite is a finely fibrous actmolite or tremolite and usiully some 
chlorite, forming dense rock masses that are white or of a light green 
coloi It was formerly much used, like jade, in the manufacture of 
images, charms and implements 

Cummingtonite and gmnerite aie amphiboles containing notable 
quantities of the molecule FcSiOi In gninerite, the quantity of Mg 
present is very small but in cumnungtomte it is fairly large Because 
of its similarity to anthophyllite, this mineral is frequently referred 
to as amphibole-anthophyllitc It is intermediate in composition 
between grunerite and actmolite Analyses of specimens from several 
well known localities are quoted below 
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I Cummingtonite, near Baltimore, Mcl 





11 Grunerite, Collobriiireb, 

France 

Contains 

albo, 

F* 07, 

KaO =* 07 and 


MnO= o8 

These two minerals are comparatively rare and have not always 
been recognized As worthy of different names In general appearance 
they are much like actinohte, though perhaps more brown or gray in 
color, and they occur in nearly the same association The specific grav- 
ity of cummingtonite vanes between 3 i and 3 3 and that of grunerite is 
about 3 $2. The intermediate refractive index for yellow light is i 62- 
1.65 in cummingtonite and 1.697 ^ grunerite 

Hornblende is the name given to the monoclinic aluminous amphi- 
boles that contain only a small quantity of alkalies. In other words, 
most of the hornblendes are isomorphous mixtures of the actinohte mole- 
cule and the molecules (Mg- Fe)((Al- Fe) 0 ) 2 Si 04 and (Na- K)Al(SiO»)2 
The varieties containing Na20 (known as katoforitc) correspond to 
aegirine among the pyroxenes 
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The varieties of hornblende that are distinguished by distinctive 
names are 

Pargasite, the green, bluish green or greenish black variety, and 
Edemte, the white, gray or light giccn variety, both of which con- 
tain very little iron in either the ferrous or feme condition, 

Smaragdite, a bright green chromifcrous variety of [laigasUe, 
Common hornblcjide^ the greenish black vaiicty, 

Basaltic hornblende, which contains a laige pioporlion of ferric iron 
and IS black in color 

Their refractive indices for yellow light aie as follows 
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7 

Pargasite, Pargas, Finland 

1 013 

1 ()20 

I 632 

Common Hornblende, Kragero, Norway 

T 629 

T 942 

I 653 

Basaltic hornblende, Bohemia 

I 680 

725 

T 7 S 2 


The fusing temperature of pargasitc is about and of horn- 

blende about 1200® 

Analyses of typical specimens of these varieties follow 


S1O2 AI2O3 Fe203 FeO MgO CaO Na^O K2O Tgn ToUil 

I 51 69 4 17 2 34 9 83 17 17 12 T7 82 79 I 13 100 215 

II 42 97 16 42 ♦ I 32 20 14 14 99 1 53 2 85 87 102 75 

III 49 33 12 72 I 72 4 63 17 44 9 01 2 2^ 03 ^9 99 15 

IV. 39 17 14 37 12 42 5 86 10 52 II 18 2 48 2 01 39 99 91 

I Common Hornblende, Vosges Also 14 per ( ent TiO^ 

11 Pargasite, Pargas Finland Also i 66 per < eiit I' 

III Edemte, Saiialpen, Carinlhia Also 1.21 [ler tent K 

IV Basaltic, Jan Mayen, Greenland Also i 51 [ler <ent MuO 

Among the commonest forms of alteration in the amphil)ol(*s 
are the following Tremolite into talc (]> 401) and sc‘ipenline, and 
hornblende into serpentine, chlorite (p 428),q>idote and biotite, often 
with the addition of magnetite and other iron compounds in eases where 
iron was present in the original mineral Most of these changes aie 
brought about by regional metamorphism. The production of hiotite is 
also brought about by the action of magmas The common weathering 
products of hornblende are chlorite, epidote, calcite, ciuurt>5, magnetite 
and sidente Under the conditions of high temperature and high iires- 
sure, hornblende sometimes passes over into augite and magnetite. 

5y«/fesa5,--Amphibole crystals have not been found in slags nor 
have they been made by dry fusion. Crystals of hornblende, however, 
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have been obtained by heating to 555° for three months, a mixture of 
its components in a glass tube with water 

Occurrence — ^Tremolite occurs in crystalline limestones and dolo- 
mites that have been subjected to regional metamorphism and m crys- 
talline schists Actmolite, cummmgtomte and grunerite are found in 
crystalline schists, in some cases in such laige quantity as to constitute 
essential parts of the rocks Actmolite schists are such rocks containing 
in addition to the actmolite some quartz, epidote and chlorite Gru- 
nerite schists consist essentially of grunerite, actmolite, magnetite and 
quartz 

Common hornWendc occuis m igneous and metamorphic rocks, 
such as gneisses and schists In some schists, as the amphibolites, 
it is the piincipal constituent and m others, the hornblende schists, 
it IS the prmciiial comiionent other than quartz The mineral is 
also a common metamoiphic alteration product of pyroxenes vhich 
It frequently psciidoniorphs When the pseudomoqjhmg hornblende 
lb blue-green and fibrous it is known as urahte The chemical 
changes attending this alteration aic illustrated by the analyses of a 
pyioxenc (I) from the Grua Tunnel m Norway and of the urahte (II) 
produced from it 

Si02 Fe20a AI2O3 FcO MnO CaO MgO Na20 Loss Total 

I 50 S 3 I 9 ^ 27 7 81 I 99 24 SI 10 92 48 26 100 37* 

II 42 02 2 30 3 2$ 9 30 94 20 90 9 63 45 I 07 100 04* 

* Also 19 per cent K2O m I ani 26 per cent in IE 

Basaltic hornblende is found only in igneous rocks, and especially 
those rich in non 

Edenite occurs in ciystalhnc limestones that have been metamor- 
phosed by contact action 

Pargasite is m gneisses and crystalline limestones 
Locahtm — Tremolite crystals occui at Campolonga, Switzerland; 
at Rezbanya, Hungary, at New Canaan, Conn , and at Diana, Lewis 
Co , N. Y It occurs also in flat plates at Lee, Mass ; near Byram, 
N J ; at Easton, Penn , at Edenville, N Y., and at Litchfield, Me,, 
and other places in the limestones m Quebec, Canada 

Actmolite occurs with chlorite at the Zillerthal, Tyrol, in talc and 
chlorite schists near Jekatennburg, Ural, Russia; at Arendal, Norway, 
at Wilhs Mt , Buckingham Co., Va , at the Bare Hills, Md.; at Mineral 
Hill, in Delaware Co, and at Unionville, Penn, in the soapstone 
quarries at Windham and New Fane, Vt , at Bolton, Brome Co , 
Quebec, and at many other points. 
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Asbestus IS abundant at Sterzig, m Tyrol, on the Island of Corsic 
near Greenwood Furnace, N Y , m the Bare Hills, neai Baltimore, M. 
at Pylesville, Harford Co , in the same State, at Barnet’s Mills, Fau 
quier Co , Va , and at the locahties at which it has been mentioned as 
being mined 

The prmcipal occurrences of cummingtomte are kongsbeig, Norway, 
Cummington, Mass , and a layer m gneisses and schists at Mt 
Washmgton, Md 

Grunerite occurs in a rock composed of this mineral, gai net and hem- 
atite near CoUobnkes, Var , France It has also lieen destnlied as the 
principal constituent of certain schists in the Lake Supenoi iron legion, 
but since the amphibole in these locks contains a notable quantity 
of MgO it should better be classed with cummingtomte 

The localities at which crystals of the hornlilcndcs h.ive been 
found are very numerous. Excellent crystals octui m the volcamc 
bombs in the Lake Laach district, Prussia, in cavities in inclusions 
within the lavas of Aranyer Mt , Siebenburgen, Hungary, in the dikes 
of porphyry, near Roda, Tyrol, on the walls of cavities m inclusions in 
the lavas at Vesuvius, Italy, and at various points in Sweden, etc In 
North Amenca fine crystals are found at Thomastoii, Me , at Russell 
and Pierrepont, N Y , at Franconia, N H , and in the glacial debris 
at Jan Mayen, Greenland. Pargasite occurs at Paigas, Finland, and 
Phippsburg, Me 


Alkah Amphiboles 

The alkaline amphiboles include nebeckite, ctocidohtr, dh^urophane 
and arfvedsomte The first two are nonaluminous iron-soda amphiboles 
and the last two are aluminous compounds Glaucophanc contains the 
molecule NaAl(Si03)2 which is found also in hornblende, and, therefore, 
It may be regarded as a connecting link between the common and the 
alkahne amphiboles Glaucophane differs from hornblende, however, 
m containmg very little CaO, The intermediate link kaloforile bridges 
the gap between the two. 


Glaucophane 


NaAl(SiOs )2 

(Fe-Mg)Si 03 


Glaucophane is, theoretically, a mixture of the two molecules 
NaAl(Si03)2 and (Fe- Mg)Si03. It is essentially a innture of the ciim- 
mingtomte molecule with one corresponding to the jodeite molecub 
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aiYinng the pyroxenes An analysis of a specimen of katofonte (com- 
pare p 387) from the samdimte bombs in the lava at Sao Miguel, Azores, 
IS quoted in line I for comparison with the two glaucophane analyses m 
lines II and III 


S102 

AI2O3 

Fe203 

FeO 

MgO 

CaO 

Na20 

K2O 

Total 

L 45 S3 

4 10 

9 35 

23 72 

2 46 

4 89 

6 07 

88 

99 96 

11. 56 6S 

12 31 

3 01 

4 58 

12 2Q 

2 20 

7 93 

I 05 

100 02 

HI. 56 71 

IS 14 

9 78 

4 31 

4 3J 

4 80 

4 83 

25 

100 15 

I Ktitoforitc, Siio Miguel, A//)rcb 

Alb(3 2 < 

56 per fciit T 1 O 2 




II Glaucophane, lie dc Groi\ 

III Glaucophane, Shikoku, Japan. 

Glaucophane is rarely found in ciystals with end faces Even when 
these exist they are lough and yield poor measurements 

The mineral occurs in columnar crystals, in needles and m foliated 
or granular aggregates in rocks Their prismatic planes are 00 P 66 (100), 
00 P 06 (010) and 00 P(iio) P(Tii) and oP(ooi) are the only termina- 
tions that have been identified The cleavage angle is about 55® 20'. 

Glaucophane is blue or bluish black, translucent and strongly pleo- 
chroic in yellowish, violet and blue tmts. Its streak is gra3dsh blue, 
its fracture uneven, its hardness about 6 and its density 3 Its refractive 
indices for yellow light are a= i 6212, ^ =1.6381, 7= 1.6300 

Before the blowpipe the mineral turns brown and then melts to an 
ohve-green glass It is difficultly attacked by acids. 

Glaucophane is distinguished from the other amphiboloids by its 
color, and from other blue silicates by its crystallization, hardness and 
manner of occurrence. 

It IS usually unaltered but it has been described in one instance as 
being partially changed to chlonte 

Synthms —It has not been produced artificially. 

Occurrence —The mmeral is found only in metamorphosed limestones, 
in mica schists and in the garnet rock known as eclogite. It is charac- 
tenstically a metamorphic mineral 

Locate^.— Glaucophane occurs in long crystals in various schists in 
Syra, Cyclades, Greece; in hornblende schists in the lie de Groix, Brit- 
tany, France, in a glaucophane schist on the Island of Shikoku, Japan, 
and abundantly in various schists m the Coast Ranges of California. 



392 


DESCRIPTIVE MINERALOGY 


Arfvedsonite, Eiebeckite and Crocidohte 

These amphiboles are comparatively rare They occur principally 
m coarse-grained alkalme igneous rocks, usually as prismatic grams 
without ternunations, embedded in the lock mass Arfvedsonite, how- 
ever, in some cases, occuis in groups of crystals on some of which tei- 
minations can be identified 

Riebeckite, NaFe(S 03)2, has a composition veiy near that of acmite, 
and croadohte contains, in addition, the molecule FeSiO.i Ai fvedsonite 
is much more complex than either of these and has no equiv.ilent among 
the pyroxenes Analyses of typical specimens of the two minerals aie 
quoted below In line IV is an analysis of crocidolite 



S1O2 ALOj Fe203 

FeO 

MgO CaO 

kjO 

Na20 II2O 

Total 

I 

47 08 I 44 I 70 

3S 6S 


2 32 

2 88 

7 14 

0 

oc 

100 29 

II 

49 6$ I 34 17 66 

19 SS 


3 


7 61 

1 67 

100 64 

m 

50 01 28 30 

9 87 

34 

I 32 

72 

8 70 


90 98 

IV 

SI 03 17 88 

21 19 

09 



6 41 

3 64 

100 24 


I Black arfvedsonite, Kangerdluarsuk, Greenland 

II Riebeckite from granite, Quincy, Mass 

III Riebeckite from Socotra, Indian Ocean 

IV Dark blue radial aggregates of croudolite, Cumberland, R. I 

Arfvedsomte is usually in long prisms flattened parallel to 
00 P Sb (010), but otherwise very much like hornblende. It is black or 
dark green and translucent, and has a dark bluish gi.iy st rcak. Its hard- 
ness is 6 and density 3 4-3 5 ^ ^ strongly pleochroit Thin splinters 

parallel to « Fob (010), are ohvc gicen and those ])aialk>l to eo Fob 
are deep greenish blue Its refractive indices for yellow light are: 
a=i 687, j 3 =i 707, 7=1 70S 

Before the blowpipe the mineral fuses easily to <i black magnetic 
globule and colors tie flame yellow It is not acted upon by aciiLs, 

Riebeckite is found only in embedded prisms, showing no termina- 
tions It is black, vitreous and very pleochroic m gieen and dark blue 
tints Its density is about 3 3, and its hardness ^.5-6, Its refiactivc 
i nHev for ycllow light IS about i 687. Before the blowiiipc it fuses easily, 
imparting an intense yellow color to the flame. 

Crocidohte is an asbestus-like, lavender-blue or dark green riebeckite, 
that contains a larger amount of iron, due to the presence of the mole- 
cule FeSiOs It occurs also m earthy masses. Its st rcak is lavcndcr-hluc 
or leek-green and its hardness is 4 In all cases it apiiears to be a 
secondary mmeral. The green fibrous vanety is known as “ cat’s-eye." 
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Both nebeckite and: rfvedsomte weather to aggregates of iron oxides, 
quartz and carbonates The decomposed, brown crocidolite is the well- 
known ornamental stone “ tiger’s-eye ” 

Occurrence and Localities — Arfvedsonite is found principally in 
Igneous rocks rich m soda, especially the coarse, nepheline syenites of 
Greenland, Kola, Russia, and in the augitc syenites of Norway. It 
occurs also in the nepheline syemtes of Dungannon township, Ontario, 
and of the Trans-Pecos district, Texas 

Riebeckite is also formed in acid locks iich in soda, such as certain 
gianitcs, syenites, etc It is found on the Island of Socotia in the Indian 
Ocean, in fine-grained granitic locks at Ailsa Crag, Scotland, in Corsica 
and a few other places The crocidolite variety occurs in a clay slate 
on the banks of the Orange River m South Africa, at various pomts in 
the Vosges, Salzbuig, Tyrol and Andalusia, m Europe, in Templeton, 
Ontaiio, in veins at Beacon Pole Hill, near Cumberland, R I , in gran- 
ites at Quincy and Cape Anne, Mass , near St Peter’s Dome, El Paso 
Co , Colorado, and as fibers in rocks at various other points m the Umted 
States, 

TRICUNIC AMPIIJBOLE 

The only known tnclmic amphibole is the comparatively rare aenig- 
matite, an alkali amphibole with a complicated composition that may 
be represented by the formula Na4Feq(Al* Fe)2(Si Ti)i 2038 The 
mineial occurs m very complex crystals, with no A 11*0= 66®, in 
alkaline rocks at Naujakasik, Greenland, m the Fourch Mts , Ark ; 
and at several other places 

It is black, or brownish black, and translucent or transparent and 
has a reddish brown streak It is, moreover, strongly pleochroic m 
brownish black and reddish biowm tints It is brittle, has a hardness 
of a little more than 5 and a density of 3 7-3 8 Before the blowpipe it 
fuses to a brownish black glass It is partly decomposed by acids It 
IS distinguished from other dark hornblendes by the cleavage angle 
of 66®. 


BASIC METASmCATES 
Kyamte ((A10)2Si03) 

Kyanite, cyanite, or disthene, is a fairly common product of meta- 
moiphism m certain schists The name kyamte suggests the sky blue 
color noticed in many specimens The name disthene refers to the 
great difference in hardness exhibited m different directions. 

The mineral is regarded as a basic metasilicate of the theoretical 
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composition Si02=37®2, AI2O3— 6298 (compare pages 319, 320). 
Nearly all specimens contain a little Fe203 but otherwise they cor- 
respond very closely to the calculated composition indicated by the 
above formula A ligh t, blue specimen from North Thompson River, 
B C , upon analyses, gave 


S1O2 
36 29 


AI2O3 

62 25 


Fe203 

55 


CaO 
I 06 


MgO 

36 


Total 
100 SI 


Kyamte crystallizes m the triclimc system (liiclmic pinacoidal 
class), with an axial ratio 8991 i 709°. a = 9 o‘’ SJ', 101° 2' and 
7=105° 44i' 




Fig 210 — Kyamte Crys- 
tal with 00 p 00 , 100 (a), 
00 Poo, 010 (l>), oP, 
001 (c), 00 'P, ilo (Jkf), 
00 P', 110 (m) and 

00 P'2, 210 ( 1 ) 


Si f 

Very few crystals are well developed Their habit is 
columnar or tabular with oo P 60 (100) predomi- 
nating More frequently the mineral occurs 
in long, flat, isolated blades, or m diveiging 
flat plates (Fig 210) Some crystals are 
very complex. Usually, however, only the 
forms 00 (100), 00 Poo (0x0), ooPTiio), 

00 T2(2Io), oo 'P(i 7 o) and or(ooi) arc pres- 
ent Twinning is common according to several 
laws, most of which, however, yield twins in 
which the basal planes (oP) of the twinned in- 
dividuals are parallel The most frequent 
twins have 00 P w (100) as the twinning plane 
Other twinning planes are perpendicular to the axis c, or to the 
axis b The basal plane oP(ooi) also serves as the twinning plane 
in some cases Twinning is often repeated, producing lamellae crossing 
columnar crystals approximately parallel to the basal plane, and giving 
rise to a definite parting in this direction 

The cleavage of kyamte is very perfect jiardllel to 00 p 66 (100) 
and less perfect parallel to 00 P 66 (010) It frequently ])ossesses also a 
parting parallel to oP(ooi), as already stated The luster on cleavage 
faces IS pearly Otherwise it is glassy. The mineral is often light blue 
m color, less frequently it is colorless or white, yellow, green, brown or 
gray It is translucent or transparent and the darker blue varieties are 
pleochroic m dark and light blue tints. Its hardness varies greatly 
on different faces and in different directions on the same face. On the 
macropmacoid a it is about s parallel to the vertical edges, and 7 in the 
direction at right angles to this The specific gravity of the mineral is 
about 36, and its refractive indices for yellow light are; 
jS=5i 7222,7=1.7290. 

Before the blowpipe kyanite whitens, but otherwise it reacts like 
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siUimanite It is insoluble in acids It is distinguished from the few 
other minerals that it resembles by the great differences in hardness on 
its cleavage surfaces At a high temperature (about 1350°) it appar- 
ently changes to sillimanite 

Kyanite weathers to muscovite, talc (p 401) and pyrophyllite 
(p 406), and IS Itself an alteration product of andalusite and corundum 

Syntheszs — It is not known that the mineral has been produced in the 
laboratory 

Occurrence and Origin — Kyanite occurs as large plates and small 



Kto 2TT — Bladccl Kyaiiilo Crystals in a IVtuaccous Quart/. St hist from P1/./0 Forno, 
SwiUctKukI (About natural si/e ) 


crystals In micaceous and othei schists (Fig 2x1), and as an important 
constituent of some quart/;ites At Horrsjolicrg, m Wermland, Sweden, 
it forms a distinct layer of schist several meters thick In a few places 
It IS found m ;jones of contact metamoriihism, l)ut it is more frequently 
the result of dynamic metamori^hism (cf p. 26). 

Localthes — Cr>'stals have been found at Greiner in the Tyrol, at 
Mte Campione in Switzerland, and at Graves Mt m Lincoln Co , Ga 
The mineral also occurs in fine plates at Chesterfield, Mass , at Litch- 
field, Conn,; at Bakersvillc, N. C., and on North Thompson River, 
B C , Canada 

Uses -—Transparent kyanite is sometimes used as a gem. 
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Calamine ((Zn 0 H) 2 Si 03 ) 

Calamine, or hemimorphite, is an important ore of zinc It is one of 
the few silicates used as a source of metals While theoretically a 
pure zinc compound it usually contains a little PC2O3 and ficcjueiitly 
small quantities of PbO In some cases it contains also a little carbon- 
ate A number of formulas have been suggested foi it, of which the 
one given above is the simplest According to several pi ominent minei- 
alogists, howevei, the formula Zn2Si04 H2O is iircfeiablc 



S1O2 

FesOi ZnO 

H2O 

Total 

Theoretical 

25 01 

67 49 

7 50 

100 00 

Wythe Co , Va 

23 95 

67 88 

8 

99 96 

Fnedensville, Pa 

24 32 

2 12 65 05 

7 S9 

99 38 


The mineral occurs in brilliant crystals that arc orthoihombic and 
distmctly hemimorphic (rhombic pyramidal class), with an a\ial latio 

of 7834 I 477S 'I'hc crystals 
are usually tabular parallel to 
00 poo (010) Many me highly 
modified but some are fairly sim- 
ple, with 00 P(i 10) , 00 P 66 (100) 
and 3Poo(3oi) m the pris- 
matic zone, 3P06 (031), P06 (joi), 
Poo (on) and or(ooi) at the ana- 
logue pole and 2P2(i2i) at the 
antiloguc i)olo (F ig 212) "flic angle 
iioA iTo= 76® c/ TN\ins are faiily 
common, with oP(ooi) the twinning 
plane Often many crystals aie 
grouped in sheaf-hke, libious 01 
The mineral is also granular and 
compact Its cleavage is perfect parallel to 00 p(i 10) 

Calamine is glassy, transparent or translucent, and w^hen pure is 
colorless or white Usually, however, it is gray, yellowy brown, greenish 
or bluish Its streak is white, its hardness 4-4 5 and its dt^iihily 3.2 3 $ 
It IS brittle Its fracture is uneven The mineral is strongly pyroelec trie 
with the end of the crystals terminated by dome faces the analogue pole. 
In contact twins both ends are analogues. The mineral becomes phos- 
phorescent upon rubbing, and is fluoicscent m ultra violet light. Its 
refractive indices for yellow light are oj- x 6136, r 6170, 7=1 6360. 

Before the blowpipe calamine is almost infusible, but on charcoal 
it swells, colors the flame greenish and fuses with difficulty on the edges. 




Fig 212 — Calamine Crystals with 00 P, 
110 (w), ooPoQ, 100 (a), «>Poo, 
010 (6), 2P'2, 12I (v), Pw , loi (a), 
P06, on (e), 3Pw,3oi (0, 3 P~, 
031 (i) and oP, 001 (c) 


warty aggiegates and in crusts 
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With soda It gives the zmc sublimate In the closed glass tube it de- 
crepitates and yields water and becomes cloudy Its powder dissolves 
in even ^veak acids with the production of gelatinous silica 

Calamine is distinguished from smithsonite by its reaction with acids 
and from other minerals by its crystallization and reaction for zinc It 
alters to willemite, smithsonite and quartz Calamine has not been 
produced artificially 

Occurrence — It occurs principally in the upper or oxidized zones of 
veins of zinc ore and in layers above the zone of permanent ground water 
in certain zinc and lead-bearing limestones It is associated with lead 
ores and various zinc compounds, and it often pseudomorphs calcite, 
galena and pyromorphite 

Localities — Calamine occurs m nearly all places where zinc and 
lead ores arc found It is abundant at Altenberg near Aachen in Rhen- 
ish Prussia, at Wiesloch, in Baden, near Tamowitz, m Silesia, at 
Rezbanya, Hungary, near Bleiberg, Carmthia, near Santander, Spain, 
in Cumberland, England, at Sterling Hill, N J , at Friedensville, 
near South Bethlehem, Penn , at the Bertha Mine in Pulaski Co , and 
at the Austin Mine, in Wythe Co , Va , and in the zmc-producing areas 
in the Mississippi Valley 

Uses — It is a common asbociate of other zinc ores and many lead 
ores and is mined with the former as a source of zinc, 

ACID METASILICATES 
SERPENTINE GROUP 

The serpentine group includes a large number of hydrous magnesium 
silicates that differ from one another mainly in the proportions of water 
present and m the ratio of silica to magnesia None of them yields 
crystals, though their crystallization is thought to be monoclmic All 
occur in dense fibrous or platy aggregates The most prominent mem- 
bers of the group are 


Serpentine 

H4Mg3Si20o, or S1O2 

MgO 

H2O 


H(Mg 0 H).<(Si 03)2 = 43-50 

43 46 

X 3 04 

Meerschaum,. 

H4Mg2Si30io, or 
H3Mg(Mg0H)(Si03)3 =60 83 

27 01 

12 16 

SteaUte 

. H2Mg3(Sl03)l *63 $2 

31 72 

4 76 


All are soft and nearly infusible, and all are of considerable economic 
importance. 
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Serpentine (H 4 Mg 3 Si 209 ) 

The substance known as serpentine may be two different minerals, 
one orthorhombic and the other monoclimc They, however, cannot 
be distinguished, except by microscopic study Serpentine occurs in 
structureless, fibrous, foliated and schistose masses of a white, gray, 
brown or green color It is translucent and has a dull, slightly glistening 
or fatty luster, and a white streak The variety known as “ noble ser- 
pentine” IS nearly transparent and has a clear gieemsh or yellowish 
white, yellowish green, apple-green or dark green color The mineral, 
when pure, has a hardness of 3, but it frequently seems harder because 
there are often mixed with it tiny remnants of the much harder minerals 
from which it was derived The specific gravity of pure serpentine is 
2 5-2 6 Its refractive indices vary widely $02-1 570 

Serpentine fuses on thin edges when heated in the blowpipe flame 
It yields water in the closed tube When heated to about 1400° it crys- 
tallizes as olivine It is decomposed by hydrochloric and sulphuric 
acids with the separation of gelatinous silica, which, in fibrous varieties, 
retains the shapes of the fibers. It is also soluble in dilute carbonic acid 
Its powder reacts alkaline 

Chrysotile is a silky, nearly transparent fibrous variety occurring m 
veins It is apparently orthorhombic. 

Antigonte is a form occurring in laminated masses or in microscopic 
scales, that are possibly monoclimc 

Balhmonte and picrolite are coarse, green, fibrous varieties 

Analyses of a pure green serpentine, and a typical chrysotile, both 
from Montville, N J , are quoted below 

Si02 AI2O3 FC2O3 FeO MgO CaO II2O Total 

I 42 os 30 .10 42 S7 05 14 99 73 

II 42 42 63 62 . 41 01 . IS 64 xoo.ss 

I Green serpentine, Montville, N J 
II Chiysotile, Montville, N J Also 23 NiO. 

Massive varieties are distinguished from tak by their solubility in 
acids and by differences in hardness, and chrysotile is distinguished from 
amphibok asbestus by the presence m it of water. 

Synthesis,-— Serpentine has been made by the action of a solution of 
Na2Si03 upon magnesite for 10 days at 100®. 

Occurrence — ^The mineral is a common decomposition product of 
several other magnesium silicates, more particularly olivine, pyroxene 
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and chondrodite Many igneous rocks rich m these minerals are com- 
pletely changed to serpentine, especially around their peripheries, and 
some metamorphosed limestones are also partially or completely ser- 
pentinized It is probably a secondary mineral in all cases 

Localities — Serpentine occurs in large quantity at Webster, N C , 
Montville, N J , Easton, Penn , at the Tilly Foster Iron Mine, 
Brewster, N. Y , at Thetford and Black Lake m the Eastern Townships 
of Quebec, and at many other places m North America, It is also known 
fiom many places in Europe 

Uses — Serpentine when massive is used as a building stone The 
finer varieties are sawed into thin slabs and used for ornamental purposes 
Marble with streaks and spots of serpentine is known as ophicdctte and 
under the name “verd-antique ” is employed as an ornamental stone. 
Mixtures of serpentine with other soft minerals are ground for a paper 
pulp The fibrous variety — chrysotile — is mined and sold under the 
name of asbestos, which, because of its fibrous structure, its flexibility, 
its incombustibility, and because it is a nonconductor of heat and 
electricity is becoming an exceedmgly important economic product. It 
is woven into paper and boards that arc used to cover steam pipes, and 
to increase electric insulations, and is manufactured into shingles It 
IS used also m fireproofing, in the manufacture of automobile tires, 
in making paints, and as a substitute for rubber in packing steam 
pipes 

Preparation — The chrysotile mined m Vermont comes from a mass 
of serpentine that is cut by many small veins of chrysotile The rock is 
crushed and the liber is separated by washing, or by some other mechan- 
ical method The pulp rock at Easton is a mass of serpentine, talc and 
a few other minerals It is ground and sized for use in paper manu- 
facture 

Production — Chrysotile is mined in Vermont and Wyoming. The 
production is rapidly increasing but the actual amount mined annually 
has not been disclosed. The total aggregate of chrysotile and amphibole 
asbestos (see p. 386), produced in the United States during 1912 was 
4403 tons, valued at $87,959 The imports of unmanufactured asbestos 
for the same year were valued at $1,456,012, of which $1,441,475 worth 
came from Canada. The total production of this country m the same 
year amounted to about $2,979,384, most of which came from the Thet- 
ford district in Quebec. This is about 80 per cent of the world’s pro- 
duction. Tha value of the serpentine used as an ornamental and build- 
mg btonc IS not known, 
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Gamierite 

Garmente may be regarded as a serpentine or talc in which a portion 
of the magnesium has been replaced by nickel, or possibly as a mixture 
of a colloidal magnesium silicate and a nickel comiiound Its impor- 
tance consists in the fact that it is the only commercial source of mckel 
aside from the pentlandite in the pyrrhotite of Sudbury, Canada. 
Three analyses of garmente from New Caledonia follow. 


S102 

NiO 

MgO 

AI2O FC2O3 

H2O 

Total 

35 45 

45 15 

2 47 

50 

15 55 

99 12 

37 78 

33 91 

10 66 

1 57 

15 83 

99 75 

42 61 

21 91 

18 27 

.89 

IS 40 

99 08 


These show that as MgO diminishes, NiO increases. 

Garmente is a dark green to pale green substance with many of the 
physical properties of serpentine Its luster is dull, or like that of var- 
msh It has a greasy feel, a hardness of 2-3 and a density of 2 3-2 8 
Its streak is hght green to white When touched to the tongue it ad- 
heres like day It is infusible when heated before the blowpipe, but 
deaepitates and becomes magnetic. It is partly soluble in HCl and 
HNO3 

It IS readily distinguished from malachite and chrysocolh by its 
structure, its greasy feel and the absence of a good copper test. 

Occwrence and LocalUm — ^The mineral occurs as earthy masses, as 
mamillary coatings and as impregnations and veins in serpentine. In 
all cases it appears to have resulted from the weathering of peridotite. 
The earthy masses are residual and the veins are deposits from down- 
ward percolating water that obtained mckel from the decompodng 
rock 

The prindpal occurrences of gamierite are New Caledonia, where it is 
mined as a source of nickel, and at Riddles, Douglas Co., Oregon. A 
very closely aJhed speaes, genthzte, occurs assodated with chromite in 
serpentme at Texas, Lancaster Co., Penn., at Webster, N. C., at Malaga, 
in Spain, and at a few other places 

Prodwtum — Gamiente is mined from 40 mines on the plateau of 
Ihio, New Caledonia, at the rate of about 130,000 tons annually of a 
per cent ore. In 1912 there were produced 72,315 tons of ore and 
5,097 tons of matte containing 2,263 of nickel. The aggregate 
value of ore and matte was about $1,140,000. 
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Meerschaum (H 4 Mg 2 Si 30 io) 

Meerschaum, or scpiohte, occurs as a massive, dense, earthy aggre 
gate of a white, yellowish or reddish color, and also as a finely fibrous, 
crystalline aggregate {parascpiohte) It is opaque, has a conchoidal 
fracture and a shining white streak Its hardness is 2 and density 
about 2 Dry specimens will float on water, because they are not 
easily wet When touched to the tongue a clinging sensation is pro- 
duced Two varieties of the commercial material have been recognized 
Of these, one, a sepiolite, is HsMg2(Si30i2) and the other j8 sepiolite, 
has the composition indicated above 

The analyses of white meerschaum irom Asia Minor and from Utah 
gave the following lesults 

S1O2 AI2O3 FejOa MgO H2O Total 

Asia Minor 52 4*; 80 23 25 23 50 100 00 

Utah 52 97 86 70 22 50 18 70 * 99 74 

* Of this 8 So% was driven off at 100®, Tncliided also arc 3 14 MnaOj and 87 CuO 

Before the blowpipe the mineral fuses on its edges to a white enamel 
Often, at first, it turns brown 01 black and then, upon higher heating, 
it bleaches to white At low lem]>eratiiie in the closed tube it yields 
a little hygiostopic water. At high teni])er*iturc water is given off fieely 
The mineral dissolves in hydiodilouc acid, with the production of gelat- 
inous silica in the case of thcot variety 

Meerschaum resembles chalk and kaolin, from which it is easily dis- 
tinguished by treatment with hydrochloric acid. 

Occurrence ami Localities — ^The mineral is found as nodules in young 
sedimentary beds in Asia Minor, where it is associated with magnesite. 
Both minerals are behoved to ])C alteration jiroclucts of serpentine It 
occurs also with opal at Tliebes, Greece. A lecl variety occurs in lime- 
stone at Quincy, h>an(*e, unci a green and white variety forms a small 
vein m a silver ore in Utah In all of its occurrences it seems to be 
secondary 

Uses. — Meerschaum Is used for carving into ornaments and pipes. 
Steatite (H2Mg3 ( 8103 ) 4 ) 

Steatite, or talc, usually occurs in flaky, foliated and massive forms, 
and m plates that appear to be ta]>ular crystals with hexagonal outlines. 
It also forms, with chlorite and a few other substances, the rock soap- 
stone, Although its crystallization is unknown, because of the close 
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analogy between its physical properties and those of chlorite and the 
micas its symmetry is believed to be monoclmic 

The composition of pure white talc and ordinary soapstone are shown 
by the two analyses below 



White talc 

Urserenthal, Swit/erlanil 

Soapstone 

W Gnqualand, Africa 

S102 

60 8$ 

63 29 

A1203 

I 71 

X 24 

Fe203 


16 

FeO 

09 

4 68 

MgO 

32 08 

27 13 

H2O 

4 9 ? 

4 40 

Total 

99 68 

100 90 


The composition corresponding to the formula H2Mgt(Si03)j is* 
Si02=63 s, MgO=3i 7 and H20=4 8 

The cleavage of talc is well marked and on its cleavage surfaces its 
luster IS pearly Its cleavage plates arc fle\il)lc The mineral is white, 
gray, greenish or bluish, and is transparent or ti anslucent The massive 
forms, known as soapstone, aie white, gicenish, yellowifth, red or brown 
All varieties are soft— the mineral being chosen to represent i in the 
scale of hardness — and all have a soapy feeling I'he density of pure 
talc IS 2 6-2 8 For yellow light, a— i 589, 7^ i jjSq. 

Before the blowpipe the minenil exfoliates, hardens and glows 
brightly, but it is nearly infusible (fusing tcm]>crature is about 15^0°), 
melting only on the thinnest edges to a white enamel. It yields water in 
the closed tube only at a high temperatuie. It is unattacked by acids 
before and after heating Its powder reacts alkaline. 

It is distinguished from other white, soft minerals hy its softness, its 
insolubility in acids and its infusibility 

Occurrence — ^The mineral is a common alteration ])roduct of other 
magnesium silicates, often pseudomorphing them, 'Phus, pscudo- 
morphs of the mineral after actmolite, bron/ate and sahlite are common 
Pseudomorphs after pectolite, dolomite and cjuartz arc also known. In 
these forms it is secondary. 

It occurs also m marbles and other crystalline rocks, where it was 
produced by regional metamorphism. It is found, further, as small veins 
cutting serpentine and metamorphosed limestones, as layers under the 
name of talc schists, associated with other schistose rocks and as massive 
aggregates of finely matted fibers, probably resulting from the alteration 
of basic Igneous rocks The last described variety is the rock soapstone. 
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The vein material is usually white, fibrous and pure It is gi< und and 
placed on the market as talc The impure \ ai icty (soapstone) is sawn 
into blocks and boards 

Localities —Talc and soapstone occur at many places Good white 
platy talc occurs at Lampersdorf, in Silesia, near Piessnit?, in Bohemia, 
near Mautern, in Steiermark, at Andcrmatt, in Switzeiland, at Russell, 
Gouverneur and other points in New York, at Webster, N C , and at 
Easton, Penn 

Uses — Ground talc is extensively used as a lubricator, m the manu- 
facture of papci, as a fiUci in curtains, cloth, etc , as a foundry facing, m 
the manufacture of molded rubber goods, as a toilet powder, as a polish- 
ing material, as a pigment, m the manufacture of gas tips, pencils, cray- 
ons, etc Soapstone is sawn and used as linings of acid vats and laundry 
tubs, and in the manufactuic of table tops, sinks, etc , in chemical labora- 
tories Because of its nonabsorbent qualities it is also being used 
largely in electric switchboards. Its various uses are due to its softness, 
mfusibility, and its power of resistance to the attacks of acids 

Prodiichotu — ^The principal sources of talc and soapstone m the 
United States arc m a belt on the east side of the Appalachians ex- 
tending from Vermont to Georgia Largest producers m 1912 were: 

Virginia, with a production of 25,313 tons, valued at $576,473, 

New York, with a production of 66,867 tons, valued at $656,270, 

Vermont, with a pioduction of 42,413 tons, valued at $275,679 

Of the aggregate of 159,270 tons, valuc'd at $1,706,963 produced m 19x2, 
15,5x0 tons were sold in the rough for $66,798, 2,642 tons, sawed into 
slabs, were sold for $50,334, 21,557 tons were manufactured and sold for 
$600, xos, and 1x9,561 tons were sold ground for $989,726. Of this 
aggregate 133,289 tons, valued at $1,097,483 were talc and 25,981 tons, 
valued at $609,480 were soa])stone In addition to the home produc- 
tion, there were also consumed in the United States 10,989 tons of high- 
grade talc, valued at $122,956, which was imported, 

KAOLXNITK (IROOT 

The kaohnitc group of minerals comiinses hydrous aluminium sili- 
cates corresponding to the magnesium silicates of the serpentine group 
The principal members of the group are* 

Kaohnitc^ H4Al2Si20», or H2Al(Al(0H)2)s(Si03)4 

«46,50 Si02, 39 AI2O3, 13 94 H2O 
Pyropkyllite^ H2Al2(Si03)4 66,65 Si02, 28 35 AI2O3, S 00 H2O 
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Kaohnite corresponds to serpentine in which dll the Mg has been re- 
placed by A 1 and pyrophyllite to steatite In addition to these, there 
are other closely related compounds which may be intei mediate in com- 
position between these two Among them the most common are dlo^ 
phiinej montmonllmiie and hallo vsite 

Both minerals are of economic importance Kaolimte is the base 
of all clay products like pottery, tile, bricks, etc 

Kaolimte (H4AI2S12O.J) 

The crystallization ol kaolimte is piobably monot linu The ciystals, 
which are rare, are thin plates with an hexagonal habit, bounded hy the 
planes oP(ooi), ooP(iio) and ooPw(oio) and +r(Tii). Then axial 
ratio IS 5748 *1:1 5997 with /3=83° ii'. Their cleavage is peifect 
parallel to the base 

Distinct crystals have been found only on the Island of Anglesey, 
Wales, and at the National Belle Mine, at Silveiton, Colo , wheie they 
comprise a white powder eveiy gram of which is a ciystal 

The mineral, when pure, is white or colorless and transparent. It 
has a hardness of i and a specific gravity of 2 45 It is infusible before 
the blowpipe and is only slightly attacked by HCl It is decomi)osed 
by alkalies and alkaline carbonates with the production of hydrated 
silicates Its index of refi action is about i 56. 

The greater part of the kaolimte known is not in tnystals ft usually 
occurs in foliated or dense earthy masses to which various names have 
been assigned 

Naknte is a white crystalline mass of kaohnite made up of tiny 
jflakes often arranged in fan-like or divergent groups. 'Phe individual 
flakes have a pearly lustei It occurs as vein lillmgs in certain ore- 
bodies 

Stemmarkite is a dense mass of microscoiiic grains often foiming 
nodular masses and occurring as veins and nests in rocks. It is harder 
than pure kaohn (H=* 2-3), and is often yellowish, gray or red in color 

Kaohn is an earthy, friable mass of flaky kaohnite which when moist 
becomes plastic, and, therefore, of great value m the manufacture of 
pottery It is more soluble in acids than the crystallized variety. It 
fuses at about 1780° 

Kaolin IS distinguished from chalk by its reaction toward HCl, from 
meerschaum and talc by the reaction for A1 with CoCNOiOa, und from 
mfusional earth by the fact that its powder will not scratch glass. 

Clay is a mixture of kaolinite, quartz, fragments of other mineral 
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particles and various decomposition products of kaolmite and other 
silicates, amonp; the most important being various colloidal, hydrous, 
aluminous silicates and magnesium and calcium carbonates The 
gieater the proportion of colloidal material in the clay the more plastic 
it IS and the more valuable lor manufacturing purposes Different clays 
have received diffci ent names which indicate in a way their uses Among 
the most impoitaiit of these arc 

China clay, a very pui e, while kaolin. 

Ball day, a white, very plastic clay, 

Fjc clay, a faiily pure clay capable of resisting great heat, 

Flint day, a hard clay which is not plastic even after grinding, 

Brick day, an impure clay suitable foi making brick, 

Folteiy clay, stoneware clay, terra’-iotta day, etc , are £»U impure clays 
that are adapted to the uses suggested by their names 

Sample analyses of kaolmite and of some of the purer clays follow 



S102 

AhOi 

Fe20a 

CaO 

Na20 

HiO 

F 

Total 

I 

46 .?s 

39 59 

It 

IS 


13 93 

IS 

100 n 

11 

46 80 

39 24 




13 90 


100 00 

III 

43 46 

41 48 


I 20 

37 

13 49 


100 00 

IV 

59 92 

27 s9 

1 03 

Ir. 

,64 * 

10 82 


99 97 


r Crystals fioni National fHlt* Mine, Colo 

II Kaolin, Sulil/., near Moisscmi, Sa\ony 

Til SUMiimfukitc, S< hlagffenwaUl, Hohfmui. 

IV Flint lire i lay, Salmcvillc, Oluo. 

NiuO+KjO 

Occurrence occurs in fekLspathic rocks near ore veins, 
Here it was fox mod partly by ascending magmatic solutions and partly 
by descending Il2SO,i, j^roduted by the oxidation of the sulphides in 
the uppci i>oitions of the veins Most kaolin, however, is a weathering 
product of feldspar (see 408), and of feldspathic rocks. When 
acted upon by watiT, and more jiarlicularly by water containing dis- 
solved CO2, the feldspars lose alkalies, calcium and some silica, leaving 
an aluminium silicate behind. Thus, for the potash feldspar orthoclase. 

K2O * Al'iO.i bSiOaC - KAlSiaOs) - K2O ^ 4S1O2 - ALiOa • sSiOe, which with 
2H20«HiAl2Sia()u (kaolimte). 

Other silicates also yield kaolmite on weathering — in some cases 
completely changing so as to yield pseudomoqihs of kaolin. 

Very complete weathering of this kind takes place in bogs, and 
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some of the best known beds of kaolin arc believed to have been formed 
at the bottoms of peat bogs 

Localtkes — Kaolimte m measurable crystals occurs only .it the two 
locahties that have already been mentioned The iiuic, white, dense 
kaohn is fairly widely spread Clay occuis almost unuci sally The 
principal localities of kaolin in North America aic near Jacksonville, 
Ala , Mt Savage, Md , various pomts in Tennessee, Noith Carolina, 
Ilhnois, Missouri, New Jersey and Pennsylvania 

Producium —Th.& total value of clay products manufat lined in the 
Umted States during 1912 was over $172,800,000, of which by far the 
largest part is represented by common bnck, of which $51,796,000 worth 
were made Pottery followed with an output valued at $56,504,000 It 
is not possible to estimate the value of the clay represented m the man- 
ufactured product because in most cases the manufactui ei s mine their 
own day and make no account of the raw material The quantity of 
day mmed m the Umted States and sold to manufacturcih during 1912 
amounted to 2,530,000 tons, valued at $3,946,000. In addition, there 
were imported 334,655 tons of day, valued at $1,952,000 

Pyrophyllite (H2Al2(Si02)4) 

Pyrophyllite nearly always occurs in groups of radiating 01 divciging 
fibers that are either orthorhombic or monodime in i'rystalli/-iition It 
may be isomorphous with steatite. The bundles of libers (“leave easily 
into flexible sheets that have a pearly luster on their cleavage faces 
When pure the mineral is light-colored in shades of yellow, gray 01 green 
It IS transparent or translucent and has a greasy feel Dense, struc- 
turdess masses are known as agalmatohte. 

The mineral is very soft, about i Its demsity is 2.8 or 2.9 Before 
the blowpipe it melts on the edges to a white enamel and lilmnis varieties 
exfohate and swell Heated m the dosed tube pyrophyllite assumes a 
silvery luster and gives off water. It is only partially soluble m IICI, but 
is completdy decomposed by Na2C03. 

It IS best distinguished from to’c by the reaction for aluminium. 

Synthests —Upon heatmg to 3oo®-5oo® a mixture of SiOe.AleOa and 
potassium silicate a mass is obtained which consists of audalu.sitc, 
muscovite and pyrophyllite 

Occurrence and Locater —Pyrophyllite is found at a number of 
points m many different assoaations, where it is probably the ri'sult of 
weathering of other silicates Its principal localities in the United 
States are Graves Mt., Ga., Cotton Stone Mt., Deep River, Car- 
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bonton and Glendon, N C , Chesterfield, S C , and Mahanoy City, 
Penn 

Uses —The massive form of the mineral is used to some extent in 
i Tiaking slate pencils, and for the other purpose for which talc is employed 
Agalmatolite is used by the Chinese as a medium from which they carve 
small images 
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THr- SI Lie A'PKS— C ontmmd 

THE ANHYDROUS TRIMETASILICATES 

THE FELDSPARS 

The feldspars are among the most im]X)itant ol all niincMals They 
are abundant as constituents of many igneous locks and in mixtures 
filling veins Their principal scientific imiioitanco lies in the fact that 
they indicate by their composition the nature of the lock magmas from 
which they crystallize Consequently, in some systems of rock classi- 
fication the grouping of the rocks is based primarily upon the jiresence 
or absence of feldspar, and the naming of the feldspathic rocks is m 
accordance with the nature of their most prominent feldspathic con- 
stituent Moreover, some of the feldspars aic of economic importance. 

Chemically, the feldspars may be regarded as isomorphous mixtures 
of the four compounds, KAlSi^OsjNaAlSisOs, NajAlAlSiyCXs, CaAlAlSioO^ 
and BaAlAlSi208, each of which, except the third, has licen found nearly 
pure m nature as orthoclase and miorodme, barbieriie and aUnti\ an- 
orthte and cdstan The third, Na2AlAlSi20H, has been m*ule m the 
laboratory, but it occurs in nature only in isomorphous mixtures with 
the anorthite and albite molecules The pure compound htis been 
called carnegteite and its mixtures anemoiusites The ft^ldspars have 
also been regarded as salts of the acid H,sAb^i2C)s ii^i which the hy- 
drogen is replaced by various radicals, thus. (KSi)AISi20s, orthoclase; 
(NaSi)AlSi208, albite, (CaAl)AlSi208, anorthite, and (BaADAlSijOs, 
celsian 

The potash molecule crystallizes fiom magmas containing potas- 
sium, sodium and calcium, but it also frectucntly forms isomorphous 
mixtures with the soda molecule and in some cases with the barium 
molecule Mixtures of the potash and calcium molecules are ex- 
tremely rare as minerals, but they have been formed experimentally 
in the laboratory The albite and the calcium molecules are usually 
intermixed Both are known m a nearly pure condition as minerals, 
but their mixtures are much more common Indeed they arc so common 
that they are separated from the other feldspars and formed into a clis- 

408 
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tinct subgroui> under the name of the plagiodate group, with albite and 
anorthite as the two end members The plagioclases constitute the best 
known isomorphous senes of compounds in the realm of mineralogy. 

The calculated comixisitions of pure orlhoclase (or microcline), 
albite, anorthite and celsian with Ihcir specific gravities are 



SiOj 

AWi 

K2O Na20 

CaO BaO 

Sp Gr 

Orthoclase 

64 7 

18 4 

16 9 


2 55 

Albite 

68 7 

TQ S 

II 8 


2 61 

Anorthite 

41 2 

7 

. 

20 I 

2 76 

Celsian 

32 0 

27 2 


41 8 

3 34 


All the feldspars aic triclinic, but the pure potassium and sodium com- 
pounds, in addition to jKissessing distinct tnclinic jihases (micioclme and 
albite) occur also in crystals which, because of sub-microscopic twinmng, 
(p 420) are apparently monoclinic (oithoclase and barbierite) Usually 
the forms on orthoclase arc designated by symbols that refer to the 
monoclinic a\es, but since the habits of all fcldsjiars are the same they 
can be as readily undcrstootl when referred to the tnclimc axes The 
crystallographic constants for the members of the group that consist 
of unmivcd molecules are 



a 

b c 

or 

IS 

7 

Angle {001 ) A (010) 

Orthoclase 

Microclinc 

1 658.S : 

SSS4 

90” 

116“ 3' 

90®' 

[ 90® 

[ 89® 30' 

Celsian 


I : 554 

90“ 

I15® 2' 

90® 

90° 

Albite 


I ■ 5577 

04® .5' 

I 16® 29' 

88® 1 

9' 86® 24' 

Anorthite 

•<>.147 : 

I ’ .5501 

0.?® 1.5' 

Its® Si' 

91® 

12' 8s® so' 


The simple ciystals of feldspar eshibit three habits, but on nearly all 
the same forms occur. These are oP(ooi), ooPo6(oio), ooP'(iio), 
ooT(iTo), /P/ 00 (101), 2/Iboo(2oi) and less commonly 2/P' 00 (021), 
2'P/o6 (021), 00 P/';?Ci,^o),oo /'P.'^([3o),/P(i ii), P/(fTi) and 00 Pw (100) 
In orthoclase and the other aiiparenlly monoclinic forms these symbols 
may be written oP, «PSa, ooP, p*, 2Peo, 2P&>, 00P3, P and 
00 poo (Figs. 213 and 2x4). There have, moreover, been reported on 
orthoclase about 00 other planes and on the plagioclases about 41;. Of 
these, however, a number are probably vicinal, as they have e.xtremely 
large indices. 

The principal habits are the equidimensional, the columnar (Fig. 
213), and the tabular (Fig. 214) The taliular crystals are usually 
flattened iiarallel to 010 The columnar forms are elongated parallel 
to the c or the a axes 
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Twinning is common, according to five laws, and much less common 
according to several others Of the five common laws three apply to all 
the feldspars, and the remaining two to the tnclinic types alone The 
first three are the Carlsbad, the Manebach and the Baveno The other 
two are the albite and the pericluie 

In Carlsbad twins, loo is the twinning plane and usually oio is the 




Fig 213 — Orthodase Crystals with 00 P, no (w), 00 P « , oro (ft), oP, oot (c) and 

aP 55 , 201 (y) 

Fig 214 — Orthodase Crystals with w, ft, c and y as m Fig 213 Also P o5 , loi (v), 
P, III (0), 00 PJ , 130 (5) and 2P « , 021 («) 




Fig 215 Carlsbad Interpenetration Twins of Orthodase Twinning plane is co P 55 
(100), composition face 00 Pw (oio) 

Fig 216 —Contact Twin of Orthodase According to the Carlsbad Law. 

composition face. The twinned parts may interpenetrate, as is usually 
the case (Fig 215), or they may he side by side forming a contact twin 
(Fig 216) If in the contact twins the planes Toi and 001 are equally 
prominent, since they are nearly equally inclined to the c axis the twin 
may be mistaken for a simple crystal (Fig. 216). In rare cases the 
composition face is 100 and the twinned parts are in contact. 
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The Baveno twins are contact twins, with 021 the twinning and com- 
position planes (Fig 217) As the individuals are elongated parallel to 
the a axis the result of the twinning is a square prism with its ends 
crossed by a diagonal that separates the same forms on the two twinned 
individuals In some cases the twinning is repeated and a fourhng 
results 

In Manebach twins, the twinning and composition plane is 001 
These usually occur in columnar crystals elongated parallel to a, or in 
tabular crystals flattened parallel to 001 or 010 (Fig 218) 

Carlsbad, Baveno and Manebach twins, as has been stated, are com- 
mon to feldspars of both the monoclmic and triclmic phases, but the 
peridme and albite laws are found only in the triclmic types The 




Fi(. 217 — B*iVL*no Twin of Orthodasc Twinning and composition plane, 2P ob (021) 
Fui 218" M ancbiu h Twin of Orthoc lasc Twinning and composition plane, oP(ooi) 


description of these is, therefore, deferred until the plagioclases are dis- 
cussed. 

Besides occurring in crystals, nearly all the feldspars are known also 
in gianular and platy masses 

The pure feldspars are coloiless and transparent or translucent, and 
all have a glassy luster which, on cleavage faces sometimes approaches 
pearly As usually found, the feldspars are white, pink, reddish, yellow- 
ish, gray, bluish or green Some specimens show a bluish white shimmer 
or opalescence (moonstone), and others a reddish spaikle (sunstonc), 
due to enclosures of other minerals or of lamellae of a different refractive 
index from that of the mam ix)rtion of the mass All have a white 
streak All possess a very perfect cleavage parallel to the base (001) 
and a scarcely less perfect one parallel to oio Their fracture is uneven 
to conchoidal, and hardness 6 

Befoie the blowpipe fragments of the potash, barium, and calcium 
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feldspars are very difScultly fusible on their cd^os to ,i porous t;lass 
The soda feldspars are a little more easily fusible The fusing tempera- 
ture of albite IS between 1200° and 1250°, that of orthoclase approM- 
mately 1300°, and that of anorthite 1532° Anorthite is soluble in 
hydrochloric acid with the production of gelatinous silica. The other 
three feldspars are insoluble 

The feldspars are distinguished from othei minerals by their crys- 
tallization, their two nearly perfect cleavages approximately perpen- 
dicular to one another, and their hardness They are distinguished 
from one another by characters that will be indicated in the descriptions 
of the several vaneties 

Feldspars rich in orthoclase and soda weathei faiily leadily to mus- 
covite, or kaolin and quartz The soda feldspars in some cases change 
to zeolites (p 445). With the addition of the calcium molecule calcite 
is often found in the weathering products. Under certain conditions, 
especially when in rocks containing magnesium and iion mineials, the 
calcium feldspars often change to a mixture of zoisite and alliite, 01 a 
mixture of these with garnet, chlorite (p 428), eiiidotc and othei com- 
pounds This mixture is often designated by the name satis\unte 

Syntheses — ^All crystals of the feldspars, except those of pure alliitc 
and pure orthoclase (including microclinc), have been m.ide hy slowly 
cooling a dry fusion of their components m 0])en ciucibles Alliite and 
orthoclase have been produced from similar fusions to which tungstic 
aad, alkah-tungstates or phosphates, or alkali-fluoride ha\(» been adcled 
They have also been produced with quartz by fusion m tlie jiresence 
of moisture in closed tubes 

Occurrence and origvn — All except the barium felclsjiars occur as 
important constituents of most igneous and of many melamortihic 
rocks. They occur also abundantly in a few sandstones farkoses) and 
in a few water-deposited veins, and are found mound a few voicnnic 
craters as products of gaseous exhalations The liarnirn f<‘ldspars are 
rare They have been seen only m dolomite associated with hante and 
tourmaline, in manganese ores and manganese cpidote, and intergrown 
with albite m a pegmatite at Blue Hill, Delaware Co , Pa 

With respect to origin feldspars may be primary separations from a 
magma, primary deposits from solutions, pneumatol^tic deposits, or 
they may be the result of metasomatic process. They are common 
products of contact and regional metamorphism 

The feldspars, though extremely abundant, have compara- 
tively few uses In the future the potash vaneties may become a 
source of the potash salts used in the manufacture of fertilizers. At 
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present the principal use of the feldspars is in the manufacture of por- 
celain and other white pottery products and enamel ware They are 
used as fluxes to bind together the grains of emery and carborundum 
in the making of grinding and cutting wheels, and are employed also in 
the manufacture of opalescent glass, artificial teeth, scouring soaps and 
“ ready roofing ” 

Froduchon — All the feldspar used in commerce comes from pegma- 
tites The total quantity produced for all purposes in the United States 
during 1912 amounted to 86,572 tons, valued at $520,562. Of this, 
26,462 tons were sold crude at a value of $89,001 and the balance 
ground The principal varieties mined are orthoclase, microchne and 
albite, though oligoclase (a plagioclase rich m soda) is mined in small 
quantity. 

ALK\Ll FELDS?>VRS 

Orthoclase and Microcline (KAlSi.iOs) 

Barbierite and Albite (NaAlSirjOs) 

Orthoclase and microchne have the same chemical composition 
Roth are potash feldspars, but both may contain sodium On the 
other hand barbierite and albite are both essentially soda feldspars but 
both usually contain some potassium In orthoclase the sodium is 
due to the admixture of the barbierite molecule, and m microchne to 
the presence of the albite molecule The soda-nch microchne is gen- 
erally known as anorfhoclase. The pure barbierite is not known to 
exist as a mineral Analyses of these four varieties follow 


S102 

Al20.t 

CaO 

K2O 

Na20 

H2O 

Total 

I 63 80 

21 00 


13 80 


I 40 

100 00 

II 23 

19 a? 

70 

9 31 

4 S 2 

27 

loo 00 

III 67 00 

19 12 

78 

I IS 

II 74 

. 

OQ JQ 

IV 66 18 

19 S2 

86 

13 03 

01 


TOO 00 

V 67 99 

19 27 

7 ? 

3 OS 

6 23 

00 

Q 9 03 

VI. fi8 ?8 

TO 62 

31 

39 

TO 8t 

09 

99.82 


T Orthodciso, Adularia, Elba 

II Soda-orthoclase, Urachenfds, Pmssia. Also .56 BaO. 
in. Barbierite, Kra^;er6, Norway 
IV. Microchne, Ersby, Pargas, Finland. 

V Anorthoclase, from granite, Kekwiuabit Lake, Mmn Also 82 FcjOj and 
trace of MgO 

VI. Albite, from litdificldite, Litchfidd, Maine. Also .23 FeO and .0^ MgO, 
Albite is described among the plagioclascs (p, 418). 
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The most noticeable difference between orthoclase and miciocline 
IS that the latter shows clearly its tnclinic symmetry by its twinning, 



Fig 219— Section of Microcline Viewed between Crossed Nicols The grating 
structure indicates twinning ( iftrr Rosmlmsck ) 

and its optical properties, while m orthocl.isc the twinning; is so 
minute as to be unobservable and the oplical properties arc similar to 
those of monoclmic crystals This difference is best exhibited in thm 
sections when viewed m polan^^ed light under the 
microscope Under these conditions certain sec- 
tions of microcline exhibit senes of light and dark 
bars crossing one another perpendicularly (Fig. 
219), while sections of orthoclase do not. The 
grating structure is due to repeated twinning 
according to the albite and pericline laws at the 
same time (p 419). If this method of twinning 
IS present in orthoclase the lameUae are so 
minute that they cannot be seen even under 
high powers of the microscope 

Several names that refer to more or less dis- 
tinct vaneties of the potash feldspars are in com- 
mon use The most important arc* 

Adidaria, a nearly pure orthoclase, that is nearly transparent, occur- 
nng in veins Its crystals have the characteristic habit illustrated in 
Fig 220 



Fig 220 — Adulana 
Crystal with m, b, 
Cf z and x as in 
Figs 2x3 and 214 
Also fP ^ , 203 (g) 
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Samdtne, a glassy soda orthoclase, occurring as large crystals often 
flattened parallel to oio, embedded in lavas 

Moonstone, a translucent adularia, exhibiting a pearly luster, with 
a very slight play of colors 

Sunstone, a translucent variety exhibiting reddish flashes from 
inclusions of mica, or other platy minerals 

Perthite, parallel intergrowths of thin lamellae of orthoclase and 
albite 

Mtcroclme-perthite, parallel intergrowths of lamellae of microcline 
and albite 

Oithoclase and the other pseudomonoclmic feldspars may be dis- 
tinguished from the distinctly triclinic forms by the value of the cleavage 
angle which m orthoclase is qo®, and m the triclmic forms about 86®, 
except in microcline (See p 409) The value of the angle iioAi^o 
= 61® 13' in orthoclase Its refractive indices for yellow light are, 
aj=i 519, i6=i 524, 7=1 526 With the admixture of the albite mole- 
cule these values increase The sp gr of pure orthoclase is 2 SS and 
Its fusing point a little higher than that of albite (see p. 412) 

Oithoclase may be distinguished from the other pseudomonoclimc 
feldspars by its specific gravity and the flame reaction 

Synthases — Crystals of orthoclase have been made by fusing 
S1O2 and AbOj with potassium wolframate, vanadate or phosphate 
Also by heating aluminium silicate with a solution of potassium silicate 
and KOH m a tulie at 100®, and by heating muscovite m a solution of 
potassium silicate at 600® 

Occurrence — The potash feldspars are essential constituents of the 
Igneous rocks — granite, syenites, rhyolites and trachytes — and of some 
crystalline schists, and are accessory components of a number of other 
rocks They occur in most pegmatite dikes and as gangues m some ore 
veins, and m many contact metamorphosed rocks 

Localities. — ^The potash feldspars are so widely spread that an enu- 
meration of their important occurrences is here impossible The best 
known localities of orthoclase are Cunnersdorf, Silesia, Drachenfels 
and Lake Laach, Rhenish Prussia (sanidine), m the Zillerthal, Tyrol 
(adulana), at St Gothard m the Alps (adularia); at Baveno, Italy, 
and at Mt Antcro, Chaffee Co , Col, Microdmc crystals arc well 
developed at Stnegau, Silesia; in the pegmatite dikes of southern Nor- 
way; and at Pike's Peak, Col {amazomte). Anorthoclase occurs at 
Tyveholmen and other points m Norway and in the lava of Kiliniand- 
jaro, Africa, and in that on Pantellena, an island near Sicily* In 
North America pegmatites are abundant hi southeastern Canada, m 
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New England and m the Piedmont plateau area immediately east of 
the Appalachian Mts , and throughout this district all forms of the 
opaque potash feldspars are abundant Soda-potash feldspars ha\e 
been described from many places, but whether they aie soda orthoclase 
or anortholcase has rarely been detemuned 

All phases of the alkah feldspars occur as components of igneous 
and metamorphic rocks 

POTASH-BARIUM FELDSPARS 

The feldspars containing potassium and barium comprise an iso- 
morphous senes with orthoclase and celsian as the two end members as 
follows 

Sp Gr 

Ortlodase fOr) KAlSiaOs 2 55 

Barmin orthodase OrioCei— OrioCei 2 51)3-2 645 

Hyalophane Or4Cei— OrrCe^i 2 725-2 818 

Cdsian (Ce) BaAl2(SiOi)2 3 384 


The chemical composition of some of the banum feldspars are illus- 
trated by the analyses quoted below 


S102 

AI2O3 

BaO 

CaO 

MgO 

K2O 

NasO 

II2O 

Total 

I 51 68 

21 85 

16 38 
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00 

I Theoretical for Or2Cei 

H Bmnenthal, Tyrol 








in Jakobsberg, Sweden 

IV Sjogrufran, Sweden. 









The mmerals are isomorphous with orthoclase (with the possible 
exception of celsian, which may exhibit the trichnic habit and may more 
properly be isomorphous with microclinic), and their umuI toiistanls are 
intermediate between those of orthoclase and celsian. Tlie a\iiil ratio 
for hyalophane is 6584.1 5512 a=90®, /J=ii5“ 35', 7=()o° Its 

cleavage angles are 90® Its crystals, as a rule, have the adularia halnt. 
The Indices of refraction of the barium feldspars are: 

a 7 

Banum-orthoclase (OriaCei) 1 5201 i 5240 i 5257 

Hyalophane (OriCei) i 5373 i 5395 i 54x6 

Hyalophane (OryCes) i 54x9 i 5419 i 5469 

Celsian i 5837 i 5886 i 5940 
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These feldspars are rare They ha\ e been found only in metamor- 
phosed dolomites in the Bmnenthal, Valais, at the manganese mines at 
Jakobsberg and Sjogrufran, Sweden, and mtergrown with albite m a 
pegmatite at Blue Hill, Delaware Co , Penn 

SODA-LIME FELDSPARS 

Plagioclase is the general name given to the group of isomorphous 
feldspars of which albite and anorthite are the end members The 
albite and anorthite molecules are isomorphous in all proportions and 
the physical properties of the mi\ed crystals accord completely with 
their composition Certain mixtures are much more common than 
others These were given individual names before it was recognized 
that they were merely members of an isomorphous series and these 
names were later applied to mixtures of definite compositions The 
names and the compositions of the mixtures corresponding to them are 
given in the following table 




S1O2 

AI2O3 

Na 20 

CaO 

Sp Gr 

Albite NaAlSi30s(Ab) 

68 7 

19 5 

II 8 


2 60s 

Ohgoclase 

Ab(,Ani 
AbsAni ^ 

64 9 

62 0 

22 I 

24 0 

10 0 

8 7 

3 0 

S 3 

2 649 

Andesine 

AbaAni ] 
AbiAni ] 

SS 6 

28 3 

5 7 

10 4 

2 679 

Labradofite ’ 

AbjAiii ] 
AbiAiij 1 

49 3 

32 6 

2 8 

IS 3 

2 708 

BytozmiUe 

' AbiAn,j 
AbiAno 

46 6 

34 4 

I 6 

17 4 

2 742 

Anorthite CaAb (810^)2 (An) 43 2 

36 7 


20 I 

2 765 


Nearly all i)lagioclascs contain small traces of K2O, MgO and FC2O3, 
but otherwise their composition is nearly in accord with that demanded 
by their symbols, so that if one constituent is known the others may 
be calculated Moreover, the accord bet)\een physical properties and 
composition is so close that from the former the latter may be de- 
termined 

Many oligoclascs, however, contain a large admixtuie of the micro- 
clinc molecule so that they contain a notable quantity of K2O These 
are known as pota!>li-oligoclase and are represented by the feldspar in a 
lock at Tyveholmen, Norway, the composition of which is as follows 

Si02 ALOa FcaOs CaO MgO K2O NaaO H2O Total 

59 so 22,60 2 47 S OS tr- 2 50 6 38 i 37 100 37 
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Some authors limit the name anorthoclase to feldspars of this kind and 
designate the tnchmc soda-potash feldspar as soda-microclme 

There is another group of soda-lime feldspars in which the anorthite 
molecule and an analogous sodic molecule (Na2Al2(SiOi)2) form iso- 
morphous mixtures The pure sodic molecule has not been found among 
mmerals, but it has been prepared synthetically at temperatures above 
1248°, imder the name carnegteite Its sp gr = 2 513 and its refractive 
indices for yellow light are o!=i S^> 5^4 Although not known 

to eMSt independently it is believed to be present m the feldspar of 
Lmosa, near Turns, and possibly m other feldspars that have hitherto 
been described as plagioclases If future work establishes the fact that 
there is a distinct senes of feldspars composed of isomorphous mixtures 
of anorthite and carnegieite it is proposed to name the group anenwusile 
to distinguish it from the plagioclase group which comprises isomoiphous 
mixtures of anorthite and albite 

The Lmosa feldspar has properties nearly like those of the plagioclase 
AbiAni but its analysis yields the results in line 1 . The composition of 
AbiAui IS given in line II 

S1O2 AI2O3 CaO Na 20 K2O Sp Gr 
I 53 26 29 78 10 7 ^ S 45 75 ® ^®4 

II 55 67 28 26 10 34 5 73 00 2 679 

THE PLAGIOCLAbES 

Ah the plagioclases have a tnchmc habit, which is best expressed by 
the value of the angle between their cleavages, which arc parallel to 
the p jaTioa 001 and 010 The crystal constants of some of the common 
mixtures and the values of their cleavage angles are given m the table 
below. 

“ ^ ^ ooiAoio 

Albite a:b:c= 6335 • i : $577 94 ° 3' “6° 29' 88“ q' 86“ 24' 
Ohgoclase. =6321 1-5524 93 ° 4 ' 116“ 23' 90“ s' 86“ 32' 

Andesme = 6357 . i 5521 93 “ 23' nfJ® 29' 89“ 59' 86“ 14' 

Labradonte = 6377 : i : 5547 93 ® 3 i' ”6“ 3 ' 89“ 55' 86“ 4' 

Bytownite 

Anorthite = 6347 i = .5501 93 ® 13' “S® SS' 9 i.“ 12' 85“ 50' 


Crystals of the soda-nch plagioclases are rich in forms, but those of 
anorthite and the lime-nch members are much simpler Albite crystals 
are usuaUy tabular parallel to 00 P * (010) and elongated parallel to 
c or a Others are elongated paraUel to b (Fig. 221). Ohgoclase is 
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more frequently columnar parallel to c, andesme tabular parallel to 
00 P 56 (oio) or oP(ooi), and labradorite and bytowmte tabular parallel 
to 00 P 56 (oio) Twins are e\en more common than among the potash 
feldspars Carlsbad (Fig 
222), Manebach and Ba- 
veno twins are not uncom- 
mon, but more frequent 
than these are the twins 
after two laws that are 
impossible in the feld- 
spars with a monoclinic 
habit The two most 
common twinning laws 
among the plagioclases are 
the albite and the pcricline 
laws 

In the albite law the twinning ])lanc is 00 P 06 (010) and the com- 
position plane the same (Fig 223) The twinning is usually repeated 
many times so that apparently homogeneous crystals may be built up 
of numerous lamellae parahel to 010 Since the angle between 010 and 




Fi(. 221 — Albite Crystals with oo'p, iTo 
00 P', no (/;/), 00 P w , 0x0 (b)t oP, 001 (c) and 
06 , Toi (v) 
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Fio 222 



Fro 222 — Albite Twinned about ooPco^ioo Com()osition face ooPoo,oro. 
Carlsbad law ('omparc Fig 316 

Fig 223* — ^Albite Twinned about 00 P So, 010 Composition face the same Albite 
law Compare Fig. 222 


001 in all the plagioclases is greater and less than 90®, it must follow that 
the surface of then basal cleavages is not a plane, but that it consists of 
parallel strips of surfaces parallel to 010, and inclined to one another at 
angles alternately greater and less than 180®. Therefore basal cleavages 
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of the plagioclases very frequently exhibit parallel striations when exam- 

ined in light reflected <it the 
proper angles (Fig 224) 
It IS this tvMnning ^\hlch, 
repeated in sul)micioscopic 
lamellae, is believed to pro- 
duce the monoclinic pseudo- 
symmetiy of orthoclase 
It will I)C noted that the 
twinning plane has the 
position of the plane of 

FIO .24-TwmmngStnat.ons on Cleavage Piece m monochn.c 

of Oligoclase (About natural si/c ) crystals, and, conseciiiciitly, 

twins about this plane have 
the same symmetry with leferencc to one anothei as coiiesponchng 
contiguous layers of mono- 
clmic crystals 

In the periclmc law the 
twinned portions are super- 
posed The individuals arc 
twinned about i as the twin- Fio 22«; —Albilc Twins with the Ovslal Aus 




ning axis, and are united about 
a plane nearly perpendicular 
to 00 P 06 (010), known as the 


ft the Twinning Axis and tlu* khomliK Sci- 
tion the Composition Kue The form r is 
j/Poo (403) Pent line law 


“rhombic section” (Fig 225) The position of this section vanes 


with the different plagioclases, but is always nearly perpendicular to 010 



Fig 226 Fwi. 227 


Fig 226 —Position of “ Rhombic Sections m Albitc (d) an<l Anoithite (/i). 

Fig 227— Diagram of CrysUl of Tnchnic Felclspur Kxhibiling Stnalions Due to 
Polysynthetic Twinning According to the Albile and the Pcridine Laws 


(Fig 226). As nearly all pencline twins are elongated in the direction 
of the ft axis, and the twinning is repeated, lamellae arc produced, 
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which, in sections perpendicular to oio, cross the albite lamellae at 
angles near 90° (Fig 227) It is the presence of the two kinds of 
twinning in microcline that gives it its peculiar grating structure m 
polarized light (see Fig 219) 

The plagioclases are light-colored, but pinkish and greenish shades 
are less common in them than in the potash feldspars Their streak is 
colorless They are usually translucent but in some cases are trans- 
parent Albite often exhibits a pearly luster and often a bluish shimmer 
Oligoclase when containing as little mclusions plates of hematite, glistens 
with a red shimmer and affords the finest sunstones The most bnl- 
hantly colored plagioclases are some forms of labradorite, which, on 
cleavage surfaces, show a great display of yellow, green, red, purple and 
blue flashes in reflected light The cause of the play of colors is not 
known, but it is probably due to the presence of numerous very tmy 
parallel acicular inclusions 

The refractive indices of the plagioclases vary with their compositions. 
For yellow light the \alues for the specified mixtures are as follows 


Albite 

(AbiooAno) 

a 

I 5290 

P 

I 5333 

I 

7 

5386 

Oligoclase 

(Ab 78 An 22 ) 

1 5389 

I 5431 

I 

5469 

Andesme 

(AbeoAn^o) 

I S 49 

I 553 

I 

556 

Labradorite 

(Abi 8 An 52 ) 

I SS 4 S 

I 5589 

I 

5634 

Bytownite 

(Ab2oAn8o) 

I 5691 

I 5760 

I 

580s 

Anorthite 

(Ab 9 An 9 i) 

I S 7 S 2 

I 5833 

I 

5884 


Before the blowpipe all the plagioclases fuse to a white or colorless 
glass, at the same time coloring the flame an intense yellow (albite), or a 
yellowish red (anorthite'l Albite fuses at a lower temperature than 
anorthite The temperatures at which synthetically prepared plagio- 


clases melt completely are as follows 



Anorthite 

hSSo "" 

Ab2Ani 

1,394® 

AbiAns 

L521: 

AbsAni 

1,362 

AniAn2 

1,490 

Ab4Ani 

1,334 

AbiAni 

h 450 

Albite 

AbsAni , 

1,100® est 

1,265 


Albite is unattacked by HCl, but anorthite is decomposed by this reagent 
with the separation of gelatinous or pulverulent silica The intermediate 
plagioclases are more or less easily decomposed as they contain more or 
less of the anorthite molecule 

The plagioclases are distinguished from the feldspars possessing the 
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monoclinic habit by the twinning striations on their basal cleavages, 
and from the potash feldspars of both monoclinic and triclinic habits by 
the color imparted to the blowpipe flame The characteristics of the 
p j ag inrlasps best distinguishmg them from one another are their specific 
gravities and their optical properties 

The plagioclases weather to kaolin and mica (paragonilc) raived 
with quartz and calcite in the more basic varieties, and to zeolites (see 
p 45) In rock masses the more basic varieties alter to epidote, in 
some instances into scapolite (p 423), and very commonly into the mix- 
ture known as saussunte, which is an aggregate containing zoisite or 
garnet as its most important component 

Syntheses —Cry&tais of plagioclase have been made by processes 
analogous to those employed in making oithoclasc crystals For exam- 
ple, albite crystals have been produced by fusing S1O2 anil AbOa with 
sodium wolframate, and by heating precipitated aluminium silicate with 
a solution of sodium silicate in a platinum tube to 500° Anorthite 
crystals have been made by long heating of a mixture of SlOj, AI2O3 
and CaCOs in the proper proportions, and by fusing vesuviamte and 


garnet 

Occurrence —Albite occurs in vein masses in certain crystalline schists 
but IS much less common as a pnmary rock constituent than the other 
plagioclases It is, however, frequently found as a secondary product 
resulting from the changes produced in other plagioclases by metamor- 
phic processes, thus it is common in many ciT&talline schists Oligo- 
clase and andesine occur in granites and the other 



more sihceous igneous rocks and labradoritc, by- 
towmte and anorthite m the more basic rocks 
Anorthite has also been found in meteorites 

Localities — ^The localities at vihich crystals of 
the plagioclases are found arc too numerous to bo 
mentioned here Especially fine crystals of albite 
occur at Roc-Tournd in the French Alps, in 
Dauphind, France, at Amelia Court House, Va , 


Fio 228— Potash- at Middletown, Conn, and at Chesterfield in 


Oligoclase Crystal Massachusetts Excellent crystals of oligoclase 
Forms M « and s occur at Arendal and at other plates in Norway, and 
(y) ^ McComb and Fine, in St Lawrence Co., N. Y. 
Potash-oligoclase occurs in certain igneous rocks at 


Tyveholmen and elsewhere in Norway and in the lava of Kilimandjaro, 
Africa. Its habit is pnsmatic (Fig 228) Crystals of andesine are 


found at Bodemnais, m Bavana, Arcuentu, m Sardinia, and at Sanford, 
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m Maine Labradorite crystals occur at Visegrad, Hungary, and at 
Mt Aetna, Italy, and beautiful cleavage pieces come from Labrador, 
where it forms one of the constituents of a coarse-grained igneous rock 
Anorthite crystals occur at Volpersdorf, in Silesia, in the Aranya Mt, 
Siebenburgen, Hungary, at Pesmeda, Tyrol, m the inclusions in the 
lavas at Vesuvius, Italy, m the lava on the Island of Unjakc, Japan, 
and at Phippsburg, in Maine. 

U ses — Albite from the pegmatite veins of southeastern Pennsylvania 
and northeastern Maryland is mined for use in pottery manufacture 

SCAPOLITE GROUP 
(Na4Al2(AlCl) (SiaOslsH- Cd4Al5(A10) (S 1 O 4 ) .) 

The scapolites comprise a senes of isomorphous compounds of which 
the two end members arc manahte, Na4Al2(AlCl)(Si30s),} and meiomtCy 
Ca4Alr,(A10)(Si04)(,. Between these two are many intermediate com- 
pounds known under the collective name mizzomte Their composition 
is represented in terms of the marialite and meionite molecules, thus, 
MamMeti 

The theoretical compositions of the two end members of the series 
and of several intermediate members, and the actual compositions of 
four specimens of natural crystals are given below 




Si02 

AI2O3 

CaO 

Na20 

Cl 

Total 

Theoretical, Ma , 

63 9S 

18 12 

, 

14 69 

4 19 

100 95 

Theoretical, MasMe 

57 85 

22 35 

6 53 

10 87 

3 10 

100 70 

Theoretical, MaaMe . 

55 85 

23 73 

8 67 

9 62 

2 75 

xoo 62 

Theoretical, MaMe 

51 90 

26 47 

12 90 

7 IS 

2 04 

100 46 

Theoretical, MaMe2. 

48 03 

29 16 

17 04 

4 76 

I 35 

100 34 

Theoretical, MaMeg 

46 10 

30 48 

19 10 

3 54 

I 01 

100 23 

Theoretical, Me 

40 45 

34 38 

2S-I7 



too 00 

S1O2 

AI2O3 

CaO 

Na20 

K2O 

H2O 

Cl 

Total 

I 61 40 

19 63 

4 xo 

? 

? 


4 00 


II S4 86 

22 45 

9 09 

8 36 

I 13 

86 

2 4x 

100 45 

III 49 40 

30 02 

IS 62 

3 “ 

79 

64 

13 

100 03 

IV 41 80 

30 40 

19 00 

2 51 

86 

3 17* 


98 66 


I. Manahtc, Pianura, Italy 

II Ripomte, Ripon, Quebec Contains also 80% SO 3 , 49 FCiOs and a trace 
of MgO 

III Wcrncrite, Rossie, N Y Contains also 10% SOs and 32 FeO. 

IV Meionite, Mt. Vesuvius Contains also 46 MgO and 46% undecomposed 

material 


♦Volatile 
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All the members crystallize in the pyramidal hemihedral division of 
the tetragonal system (tetragonal bipyramidal class) in fairly simple 
columnar crystals with an axial ratio i . 442 for inarialite and i 4393 
formeionite The principal forms are oP(ooi), ooPoo(xoo), ooP(iro), 

ooP2(2io), P(iii), Poo (loi) and j^^j( 3 ii) (Fir 229) The angle 

III A iTi =43° 4S' The habit of the crystals is always columnai , with 
00 Poo (100) predominating in the pnsmatic /one, and also 00 P(iro) 

prominent 'rhe latter form 
preclominatcb only in niiz/on- 
ites The scapolites occur also 
m crystal grains enibeclcled m 
limestones, m columnar and 
fibrous aggregates and in struc- 
tureless masses 

All the scapolites have a 
glassy lustei, which ai)proathcs 
pearly They aie transparent 
or translucent, colorless or 
white, giay, greenish, bluish or 
reddish and have <1 white 
streak Their cleavage is nearly perfect paiallcl to oo poo (roo) and 
imperfect parallel to ooP(iio) Then fracture is uneven oi con- 
choidal They are brittle, have a hardness of 5- 6 and a density of 
2 54 for manalite and 2 76 for meiomte, Tho refractive indices 
naturally vary with the proportions of the two molecules present. 
For the two end members of the group the indices for yellow 
light are manalite, 1.5463, €=15395, mciomte, 

€-1 5564. 

Before the blowpipe all members swell and fuse to a white glass In 
hydrcKhlonc acid, mixtures between Ma and Ma2Me arc insoluble, those 
between Ma2Me and MaMe2 are partially soluble and those between 
MaMe2 and Me are nearly completely soluble. 

All members of the senes are distinguished by their crystallization 
and cleavage and all except pure meionite are characterized by the 
chlonne reaction They are distingmshed readily from the felclspars 
by their fusibility with swelling. 

Manalite and meiomte are rare The common scapolites arc the 
mizzonites of which dipyr and wernerite are the nontransparent vari- 
eties The former includes varieties occurring m elongated prisms con- 
taining between 54 per cent and 57 per cent Si02, i.e., MaaMe to MaaMe, 




Fig 22g — Scapohtc Crystals with 00 P, 
no (m), 00 P 00 , 100 (fl), P, »ii (r), and 

[^]’ 3" (s) 





ANHYDROUS TRIMETASILICATES 


425 


and the latter embraces varieties containing between 54 per cent and 46 
per cent S1O2, or Ma2Me to MaMea 

Occurrence — ^The scapolites occur in crystalline schists, crystalline 
limestones and also m limestones included m volcanic lavas (meionite), 
and on the contacts of igneous masses (wernerite) They are found also 
in Igneous rocks as the result of alteration of the feldspars, especially 
when these rocks are intrusive in limestones, and also as an alteration 
product of garnets In a few places they are associated with magnetite 
and apatite m veins of iron ores In most cases they appear to have 
been derived from feldspars by the action of metamorphic processes 
On the other hand, scapolite changes to albite, epidote, biotite, musco- 
vite and to a mixture of minerals 

Localities — Meionite crystals occur in the fragments enclosed in the 
lavas of the Lake Laach region, Prussia, and of Monte Somma, the 
precursor of Vesuvius, Italy Mizzomte is associated with meionite 
at Monte Somma Dipyr occurs in clayey limestones in the Pyr- 
ennees, wernerite at Arendal and Bamle, Norway, at Malsjo, in 
Sweden, at Diana, Lewis Co , and at Gouverneur and Pierrepont, 
St Lawrence Co , N Y , at Canaan, Conn , at Bolton, Mass , and 
manalite at Ripon, Quebec, and at Pianura, near Naples, Italy 
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THE SILICATES— C<wrfWiH«f 

THE ANHYDROUS POLYSILICATES 

Under the polysilicales are grouped all the minerals that cannot 
easily be assigned to the orthosilicates, the melasilicates or the tri- 
metasihcates They are usually very complex in composition and are 
commonly regarded as isomorphous mixtures or solid solutions of silicate 
molecules of various types. 

THE BRITTLE MICAS 

The brittle micas are so called because, while they possess a very 
marked cleavage which rivals that of the true micas m its peifection, 
thar cleavage foliae are brittle, and not elastic as arc the mica fohae 

The group consists of four imnerals of which three are apparently 
mixtures of the molecules H2CaMg4(SiOi)3 and HaCaMgAbiOia, and 
the fourth is approximately H2(Fe Mg)Al2Si07 'J'hc linst three are 
known as xanthophyUiie, brandtstte and chtUonite and the fourth as 
cfdoriUnd Of these the last two are the most important Chloritoid 
IS beheved to be a basic orthosilicate, but, because of the similarity of its 
properties to those of the bnttle micas, it is thought best to discuss it 
in the same group with them 

AU members of the group crystallize in the monoclmic system with 
an hexagonal habit. 

Chntomte (Ho(Mg-Ca Fe)ioAlioSit0.jt,) 

Chntomte, or seybertite, may be regarded as a mivtuie of the mole- 
cules H2CaMg4(Si04)3 and HaCaMgAleOis m the proportion 4 : 5, 
which requires the percentage composition shown in line I below. The 
analysis of a specimen of the mmeral from Orange Co., N. Y., is given in 
hne n 

S1O2 AI2O3 Fe203 FeO MgO CaO H2O F Total 

I 19 09 4097 2228 13.36 430 .... 100.00 

n 19 19 39 73 61 I 88 21 09 13 II 4.85 1.26 101.72 

426 
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Well developed crystals are so rare that their axial ratio has not been 
satisfactorily established The best crystals appear as long, thick, six- 
sided plates with a well developed basal plane and several pyramids and 
domes with rounded edges If the axial ratio is assumed to be the 
same as that for biotite the principal forms are oP(ooi), -f P w (027), 
P 00 (056), ■|Pob(os2), ~iP(ii4), “?P(337), and ~2P(22i) Many 
'A the crystals are superposed twins, like 
those of muscovite (Fig 230) 

The mineral is reddish or brown, and 
transparent or translucent It has a glassy 
luster and a white streak Pressure and 
percussion figures are easily produced on the 
cleavage plates, and in nature parting often 
takes place along these directions, yielding 
fragments with rectangular edges The hardness of clmtonite is 4-5 
and its density 3 i Its refractive indices for yellow light are 646, 
657, 7=x 658 

Before the blowpipe clmtonite becomes white and opaque but does 
not fuse In the closed tube it gives off water It is completely decom- 
posed by hydrochloric acid 

It IS distinguished from most other minerals by its micaceous cleav- 
age, and from the true mtcas by its brittleness and solubility in hydro- 
chloric acid 

Clmtonite occurs in a coarse, serpentmized limestone at Amity, 
Orange Co, N Y 



Fig 230 — Clmtonite Twinned 
According to the Mica Law 
Forms oP, 001 (c), — JP, 
337 (P) and JP w , 012 (/t) 


Chlontoid (H2(Fe*Mg)Al2Si07) 

Chloritoid differs from the other brittle micas m being essentially a 
ferrous compound Its composition approaches the formula given 
above, though the analyses of many specimens depart widely from this. 


S102 

AI2O3 

FeO 

MgO 

H2O 

Total 

I 23 72 

40 71 

28 46 


7 II 

100 00 

11 25 so 

38 13 

23 S8 

s 19 

6 90 

99-30 


I Theoretical for HjFeAbSiOv 
II Specimen from chlorite schists, St Marcel, Italy 


The mineral is believed to be monochmc m crystallization because of 
the similarity of its crystals to those of biotile It often occurs in six- 
sided plates, but more frequently m lenticular or spindle-shaped grams 
and sheaf-like and ball-hke aggregates of plates and grains and in foliated 
masses Twins like those of biotite are also fairly common. 
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The mineral is dark green or black, and translucent It is strongly 
pleochroic in olive green, blue and yellowish green tints It has a 
glassy or pearly luster on its cleavage faces and a waxy luster on frac- 
ture surfaces Its hardness is 6-7 and density 3 4-3 6 Its refractive 
index IS i 741 

Before the blowpipe chlontoid exfoliates on the edges and fuses with 
difficulty to a black magnetic mass In the closed tube it giv cs oil water 
It IS unattacked by hydrochloric acid, but when in line iiowdcr is com- 
pletely decomposed by sulphuric acid Some fonns of ottrclilc are sol- 
uble in strong mtnc and hydrochloric acids, with the separation of 
gelatinous silica 

Masonite is a dark grayish variety from Natick, R I 
Ottrdite contains a little manganese and has .1 slightly diflcicnt 
formula from chlontoid Its composition may be best rciirescntcd by 
H2(Fe MnlAlsSiaOg Itssp gr=3 3 

The chlontoids appear to be fairly stable, as their only alteration 
products thus far noted are the chlorites and the micas and otli elite 
Occurrence —All vaneties of chlontoid are found ]>rincipally in fine- 
grained schists where they are beheved to be the result of regional and 
contact metamorphism 

Localities —The most noted occurrences of chlontoid arc Pregattan, 
Tyrol, St Marcel, Italy, Ottrez, Belgium; Natick, R. I , and Augusta 
and Patnek Counties, Va. 


CHLORITE GROUP 

The chlorite group is so named because its principal members are 
, green. The group comprises a number of platy hydious m.ignesium, 
aluminium silicates that appear to be isomoqihous mixtures of mole- 
cules that are approximately H4(Mg FcOaAlsSiOo and H,| (Mg- Fcl.tSiaOi), 
the former of which is known as the amesite molecule (designated At), 
and the latter as the serpentine molecule (indicated by .Sp), 'I’he ser- 
pentine molecule is represented in the platy form of serjicntine known as 
antigonte, which may be regarded as one of the end mcmliers of the 
series The independent existence of the amesite mokx uU> is doubtful 
The mixture of these two molecules gives rise to the orihoihlortks, which 
constitute the principal of the two subgroups of the chlorites. The 
other subgroup is known as the group of the hptoMorites These con- 
sist of one or both of the two molecules mentioned above and others that 
may be regarded as derived from them Their composition is too com- 
plex to be represented by any simple formula 
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ORTHOCHLORITES 

The orthochlorites comprise the minerals 

S1O2 AI2O3 FeO MgO H2O 
SpAt4 =26 i 29 3 31 8 12 8 

Prochlonte Sp3At7-Sp2At3 SpAt2 =25 S 21 6 26 6 14 9 ii 4 

Chnochlore Sp2At3--SpAt Sp2At3=3o 03 22 o 34 8 12 9 

Penninite SpAt -Sp3At2 Sp3At2=34 7 14 6 37 7 ^3 o 

Analyses of typical specimens are as follows 

S1O2 AI2O3 Fe20^ FeO MgO CaO H2O Total 

I Corundophilite 24 77 25 52 15 19 21 88 ii 98 99 34 

II Prochlonte 26 02 20 16 i 07 28 08 15 50 44 9 65 100 92 

III Chnochlore 29 87 14 48 5 52 i 93 33 06 13 60 100 19* 

IV Penninite 33 71 12 SS 2 74 3 40 34 70 66 12 27 100 03 

I Chester, Mass 

II Zillerthal, Tyrol 

III West Chester, Pa 

IV Zermatt, Switzerland 

*" Contains also NiO= 17, Cr203~r 56. 

The orthochlorites crystallize in tabular and pyramidal crystals that 
are usually repeated twins so that their true nature is difficult to decipher 
The simpler crystals have a monoclmic habit, but the twins are usually 
hexagonal or rhombohedral m habit Then crystallization is believed 
to be monoclmic, with the axial ratio 5774 • i : 2 2772 and 10=89® 40', 
The most common forms appearing on them are oP(ooi), Pw(oii), 
|P(22s), iP(Ti2), JP 00(043), — fiP^ 00 P 00(101) and 

■-6P^(26i) (Fig 231) Twins are very common The two most com- 
mon twinning laws are the mica and the pennine laws In the former 
the twinning plane is perpendicular to oP(ooi) and in the zone with 
oP(ooi) and — 2P(ii2) (Fig 232, compare Fig 193) The two parts 
are levolved 60® with respect to one another In the pennine law 
oP(ooi) IS the twinning plane and the composition face (Fig 233) 
Twins following the first law have their twinned parts either side by 
side (Fig 234), or superposed (Fig. 232). Those following the pennine 
law have their parts superposed The twinning is often repeated so 
that complicated trillings and sixhngs are produced 

Chnochlore crystals are tabular with hexagonal outlines but a mono- 
dime habit (Fig 231), and penninite is in thick tabular crystals with a 
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trigonal outline and a rhombohedral habit, or m slender prismatic ones 
resembling steep rhombohedrons (Fig 2 ;^$) Its characteristic twins 
are according to the pennine law (Fig 236) Prochlorite and corun- 
dophilite are found m six-sided plates without well developed crystal 
forms. 




Fig 231 


Fig 232 



Fig 233 


Fig. 231 — Clinochlore Crystal with oP, 001 (f), 00 Pw, oxo (?>), 4^00, 401 (/), 

and -^P 3 , 132 (v) 

Fig 232 —Clinochlore Twinned According to Mica Law, m whith the Twinning 
Plane IS Perpendicular to oP(ooi) and in the Zone with oP(ooi) and -5P(u2) 

Forms oP, 001 (c), SJP * , po 30 (1), -6P3 , 261 (g) and f 2 PV 9 27 17 («#•) 
Fig. 233 — Clinochlore with Same Forms as m Fig 232 Twinned about oP(ooi) as 
Twinning and Composition Face. Pennine Uw. 



Fio 234 — Chnochlore Tolling Twinned According to Mica Law, but with Individuals 
Side by Side with oP(ooi) common and Irregular Compoution Faces. 

(225) andy=|P 55 (205) 

Fig. 23s — Pennimte Crystal with oP, 001 (c) and a Form Resembling 3R, 3031 (w). 
Fig 236 — Pennmite Crystal Twinned about oI*(ooi). Pennine Law 


The orthochlorites have a glassy luster with a slightly pearly luster 
on the basal plane. They are usually some shade of green, blackish and 
bluish green being the most common shades. At a few localities white 
or yellow varieties are found. Varieties contaimng chromium are often 
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rose-colored or violet The streak of all varieties is white or light 
green All are strongly pleochroic in shades of green m gieen vari- 
eties, yellow and brown in brown varieties, and violet and carmine in 
rose varieties Their cleavage is distinct parallel to the base (ooi), 
yielding lamellae that are flexible and slightly elastic Percussion and 
pressure figures, with rays in the same relative positions as m the 
micas, occur naturally and often a parting takes place along their 
planes yielding triangular plates The hardness of all orthochlorites 
is below 3 and their density is 2,5-3. different varieties these 

properties are. 



H 

Sp Gr 

Prochlonte 

1-2 

2 78-2 96 

Clmochlore 

2-2 s 

2 65-2 78 

Penninite 

2-2 5 

2 6 -2 85 

Corundophihte 

2 5 

2 9 


The refractive indices for yellow light are* in penmmte, 575, in 
clmochlore, a-i 585, iS=i 585, 7=1.596, m prochlorite, iS=i 58+ and 
in corundophihte, iS=i 583 

Before the blowpipe the orthochlorites exfoliate and fuse with diffi- 
culty. Some varieties whiten The varieties rich in iron fuse more 
readily than those m which there is little iron — m some instances to 
a black glass In the closed tube all yield water when strongly heated 
Hydrochloric acid attacks all varieties with difficulty — ^after fusion with 
more ease Sulphuiic acid completely decomposes them 

Synthesis — Chlorites have been produced artificially by the action 
of alkaline solutions on pyroxenes. 

Occurrences — The orthochlorites are alteration products of various 
silicates They occur as essential constituents in crystalline schists 
(chlorite schists), and as the alteration products of silicates in igneous 
rocks, in which case the latter assume a green color The orthochlorites 
also form pseudomorphs after garnet, biotite, augite, hornblende, etc , 
and sometimes they occur filling little veins cutting through altered 
rocks Corundophihte is frequently associated with the mineral 
corundum 

Locabttes — ^The localities at which the orthochlorites occur are so 
numerous that even all of the most important cannot be mentioned here. 
In the United States corundophihte occurs at Chester, Mass., and 
Asheville, N C , pyrochlorite at Foundryrun, Georgetown, D C , and 
at Batesville, Va , penninite at Magnet Co\''c, Arkansas, and clmochlore 
at West Chester, Penn 
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leptochlorites 

The name leptochlonte is usually given to the chloiites that ^cur in 

fine scales and fibers They are very complex in composition Because 

they do not occur m distinct crystals their crystalUzation is not ceitamly 

’'“The leptochlorites are like the orthochlorites in general appearance, 
and in or^ They are, however, completely soluble in hydrochlonc 
aad with the separation of gelatinous silica 

Ofthisgroup/A«ri«giteanddefe5«tearethebestknown Thcformer 

IS in very fine dark green and pleochroic scales It fuses to a black mag- 
netic bead It forms pseudomorphs after garnet at the Spurr Mt iron 
mine at Spurr, Mich Delessite is usually green, but is in lare cases 
pink’ It uLlly occurs in bundles of fibers that are strongly pleochroic 
The green varieties, viewed across the fibers arc dark gicen Viewed 
along their a^es they are yellow This chlorite is a common alteration 
product of pyroxene and amphiboles, and it frequently occuis as the 
filling of amygdules in basic volcanic rocks The mincial when heated 
becomes brown or black and finally fuses with difficulty to a black mag- 

netic bead , . , * . , 

Analyses of typical specimens of the two minerals are given m the 

following table 


S1O2 AI2O3 Fe203 FeO CaO MgO H2O 

Thunngite, Spurr, 

Mich ' 22 3S 2$ H 34 39 • • • ® 4i « 2$ 

Delessite, Dum- 
barton, Scot- 
land - 32 00 17 33 1 19 12.45 * S7 20.42 IS 45 


Total 

99-54 

100 41 


Vesuvianite 

Vesuvianite is a common metamorphic mineral in limestones. 
It IS extremely complex in composition, apparently consisting of 
isomorphous mixtures of the two compounds CaoAkAl (01 1* 10(3104)5 
and Ca2Al(0H)Si207 Its composition may perhaps be better rep- 
resented by the general formula Il'4Al2Ca7Sio024, in which R'4 tmy be 
Ca2,(A10H)2, (A102H)4 or H4 Four analyses, which emphasize the 
great vanations in composition shown by crystals from different localities 
are quoted below 
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S102 

AI2O3 

Fe203 

FeO 

CciO 

MgO 

MnO 

K2O 

I 36 08 

9 35 

7 61 


29 09 

I 90 

12 49 

28 

II 37 II 

19 30 

3 31 


36 24 

3 89 



III 36 41 

17 35 

I 

86 

33 21 

I 38 

I 75 

SO 

IV 36 ss 

18 89 

74 

74 

3 S 97 

2 33 



Na20 

F H2O at 100 

° H2O+ 

Less 0=F 

Total 

I SS 



3 32 

100 

67 



II 

S8 


06 

100 49 

24 

100 2$ 

III 44 

36 

24 

3 SI 

100 

23 

IS 

100 oS 

IV 

13 

S8 

3 42 

100 

26 

OS 

100 21 


I Garnet colored masses and crystals form Pajsberg, Sweden 
II Finely crystallized matenal from Italian Mt , Gunnison Co , Colo 

III From Franklin Furnace, New Jersey Contains also ZnO=i 74, CuO= 

I 48, and a trace of PbO 

IV Califomite Fresno Co , Cal Also gi per cent COj 





Vesuviamte occurs both massive and crystallized Its crystals are 
m the tetragonal system (ditetragonal bipyramidal class), with an axial 
ratio of about i 5375 This 
varies with the composition 
and IS, therefore, different m 
specimens from different lo- 
calities The crystals arc 
usually thick columnar m 
habit, but some ciystals are 
pyramidal and otheis acicular. 


'k; 237 — Vesuviamte Crystals with oop, no 
(w), ooPoo,roo (a), P, in {p) and oP, 
001 (c) 


contain ooP(iro) and 00 Poo 
(100) m tlie prismatic zone, 
and oP(ooi), P(iii), and 

often Poo(ioi), 3P(33i), ooP2(2io), and 3^3(311) (Fig 237) In 
all about 60 forms have been observed on them The angle iii/\iii 


= 50° 39' 

The mineral is glassy in luster and yellowish, greenish or brownish, 
rarely blue or pink It is transparent or translucent. A bright green, 
or gray and green, translucent, massive variety from points in California 
is used as a gem under the name calijornik. The streak of all varieties 
is white The cleavage of the mineral is indistinct parallel to 00 P(iio) 
and 00 Poo (100) and its fracture conchoidal. Its hardness is 6-7 and 
density 3 35-3.45. Its refractive indices foi yellow light are 1.705, 
6= I 701 
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Before the blowpipe vesuvianite melts to a swollen brown oi green 
glass It IS decomposed with difficulty by acids, but after being strongly 
heated it dissolves with the separation of gelatinous silica The min- 
eral powder reacts alkaline 

The mineral is characterized by its form when in crystals and by its 
easy fusibility 

The recognized varieties that are used as gems are 

Cahformte, a white, green or gray and green variety in finely gran- 
4 laLT masses, resembling jade 

Cypnne, a blue variety containing copper 

Its principal alteration products are mica, chlorite and steatite, 
and other minerals are also known to be foimed from it by weathering 

Occurrence — Vesuvianite is preeminently a contact mineral It 
occurs m limestone metamorphosed by granite and othei igneous rocks, 
and also in crystalline schists It is found also as well (lcvel()])cd crys- 
tals on the walls of veins containing quart/, calcitc, garnet and ore 
minerals 

Localities — Good crystals are common at a number of places where 
limestones are in contact with igneous rocks, notalily at Piitsch, and in 
the Monzom Mts , in Tyrol, at Zermatt and at othei jioinls in Switz- 
erland, at Vesuvius, m the Alathal, and the Albanian Mts,, m Italy, 
and at many places m Norway and Sweden In North America good 
crystals occur at Sandford, Phippsburg and other jilaces in western 
Maine, near Amity, N Y , and at Templeton, Quebec, and a Ime- 
gramed, massive variety occurs m Inyo and TuUue Counties, in Cali- 
forma Califormte is best known from Indian Cieek, Siskiyou Co , and 
from a point 35 miles east of Selma, in Fresno Co , C'alifornia Other ' 
localities are at Big Bar Station, Butte Co , and Exeter, in 'rulare Co,, 
m the same State 

Production — ^The quantity of califormte used as a gem stone in 
1909 was about 3,000 lb , valued at $i8,ooo In 1912, however, only 
$275 worth was used 

Tourmaline (RoAl3(B-OH’F)2Si40H)) 

R=H, Al, Mg, Fe, Al, Cr, Fe, K, Na 

Tourmaline is of great scientific interest because of its complex crys- 
tallization, its handsome crystals and the physical properties which it 
exhibits so beautifully. Moreover, it furnishes gems of many colors, 
which, because of their brilliancy, are greatly admired by many persons 
The mmeral appears to be a derivative of the alumino-borosilicic acid 
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H9Al3(B*0H)2Si40i9 in which the hydrogen may be replaced by Al, 
by Cr, by Mg and Fe" or by Li or Na, giving rise to four groups of com- 
pounds between which are many gradations Moreover, in most speci- 
mens a portion of the hydroxyl is replaced by fluorine In other words, 
the mineral is an isomorphous mixture of several substances that are 
derivatives of the alummo-borosihcic acid mentioned The four groups 
of tourmalines that are clearly distinguishable are 

1 Alkali tourmalines, which are colorless, red or green, and trans- 
parent 

2 Iron tourmalines, which are usually dark blue or black and trans- 
lucent 

3 Magnesium tourmalines, which are yellowish brown, or brownish 
and translucent 

4 Chrome tourmalines, which are dark green, black and translucent, 
or colorless and transparent 

Typical analyses of these four varieties follow 



I 

II 

in 

IV 

S102 

38 07 

34 99 

37 39 

36 S <5 

B203 

9 99 

9 63 

10 73 

8 90 

A1203 

42 24 

33 96 

27 89 

32 S 8 

CraOs 

FeO 

26 

14 23 

64 

4 32 

MnO 

35 

.06 


tr 

CaO 


IS 

2 78 

7 S 

MgO 

07 

I or 

14 09 

9 47 

Na20 

2 18 

2 01 

1 72 

2 22 

K2O 

44 

34 

16 

13 

L12O 

I 59 

tr 

tr 

tr 

H2O 

4 26 

3 62 

3 83 

3 74 

F 

28 

» 

tr 

06 

T1O2 



1.19 

.09 

Total . 

100 29 

ICO 00 

100 42 

99 70 


I Rosc-colorcd (rubellite), from Rumford, Maine 

II Black, from Auburn, Maine 

III Brown, from Gouverneur, N Y. The AlaO,j includes .lo of FcgOs. 

IV Green, from Etchison, Montgomery Co , Md Contains also 79 Fc^Os, 05 

NiO and 04 P2O8 


The varieties recognized by distinct names are (i) ordinary, black and 
brown, (2) rubelhte, pink or red, (3) indicolite, blue or bluish black, (4) 
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Brazilian sapphire, blue and transparent, (5) Biazihan cmciald, or 
Brazilian chrysolite, green and transparent, (6) peridot of Ceylon, honey- 
yellow and transparent and (7) achoite, colorless and transparent 
Tourmaline forms handsome crystals that are frequently chaiacter- 
ized by possessing a triangular cioss-section They ciystalli/c in the 
rhombohedral division of the hexagonal system and aic hemimorphic 
(ditrigonal pyramidal class), with an axial ratio of i 4474 The crys- 
tals are usually prismatic or columnar in habit, and arc teiinmated by 
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Fig 240 — Cooling Crystal of Tourmaline Powdered with a Mixture of Minimn and 
Sulphur to Show the Distribution of the Electric Charge, 'riie ujiper end is the 
analogue pole 

rhombohedrons The most prominent prismatic Gcch arc eor(ioTo), 
po P2(ii2o) and the most common terminal faces R(ioi i), — J R(ot 12), 
-2R(022i), R^(2I3i), R®(325i) and -^<-*(1232), though many other 
rhombohedrons and scalenohedrons have been observed. Most forms 
are hemunorphs so that the opposite ends of the c axis are differently 
tenmnated (Figs 238 and 239) The prismatic faces are vertically 
striated and the mterfacial edges are often rounded. The angle loTi 
AIioi=46° 52'- 

The mineral has a vitreous luster whether transparent or opaque. It 
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IS brittle and has no distinct cleavage Its fracture is conchoidal 
Its hardness is 7-7 5 and its density 3 007-3 ^34 alkali varieties, 
3 036-3 104 for magnesian varieties, 3 140-3 212 for blue iron varieties 
and 3 122-3 220 for green and black varieties The color varies more 
than in any other mineral, the same crystals often exhibiting different 
colors at opposite terminations Moreover, many crystals show a zonal 
arrangement of colors, with concentnc colorless, red and green layers 
The streak of all varieties is uncolored The mineral becomes elec- 
trified by friction and like other hemimorphic substances is pyroelectric 
The analogue pole is usually more simply terminated than the antilogue 
pole, in many instances showing only R(ioli) (Fig 240) The refrac- 
tive indices for yellow light in colorless crystals are co==i 6422, €=16225 
In iron-bearing varieties the refraction is stronger 

Dark varieties exhibit very strong pleochroism Viewed in the direc- 
tion of the c axis the mineral is always, except in the case of colorless 
varieties, darker than when viewed m a direction at right angles to it 
In very dark varieties the ray vibrating perpendicular to c is almost 
completely absorbed, while the ray vibrating parallel to c passes 
through with a dark brown or dark green tint Thus, thin slices cut 
parallel to the c axis wiU let through only light that vibrates m the plane 
parallel to c Tourmalme tongs are two such pieces or plates of dark 
tourmaline mounted so that they may be revolved in their own planes 
When the c axes in the two plates are parallel light is transmitted This 
light is said to be polarized because it all vibrates m a single plane 
When the c axes are crossed the light that passes through the first plate 
IS entirely absorbed by the second, so that no light passes through 
The behavior of tourmaline before the blowpipe varies widely 
Alkaline varieties are practically infusible Iron varieties fuse with 
great difficulty and magnesium vaneties very easily to a blebby glass 
When fused with a mixture of aad potassium sulphate and pow- 
dered fluorspar all varieties give a distinct reaction for bone acid 

Tourmaline is readily distinguished from all other minerals by its 
crystallization, hardness, lack of cleavage and the reaction for boron 
In massive forms it differs from garnet and vesuvtamk which it some- 
what resembles by its diflGicult fusibility and brittleness. The inmeral 
IS, on the whole, very stable It is known, however, to alter into mica, 
chlorite and steatite 

Syntheses — The mineral has not been produced artificially 
Occurrence —Tourmaline is a characteristic pneumatohtic product 
It occurs in pegmatites, in quartz and ore veins, and m limestones 
and schists on the peripheries of granite masses where it is the result of 
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contact action It occurs also as an original, pyrogenic mineral in acid 
Igneous rocks The vanety in limestone is usually brown The litbum 
varieties are usually associated with lepidolitc 

Uses— Th.t transparent varieties are used principally as gem stones, 
and the darker, translucent vaneties in optical instruments 

LocdUm —Towaxakas is so common that an enumeration of its 
occurrence is impossible in the present place. Red or gieen transparent 
varieties occur at Ekatennburg, Uial, on the Isle of Elba, at Cam- 
polonga, Switzerland, Pemg, Savony, and in Mma.s Geraes, Brazil 
In the Umted States fine brown crystals occur in the limc.slonc at Gouver- 
neur, N. Y , and handsome black ones at Pierre])ont, N V , New Hope, 
Penn, and m Alexander Co ,N C The gem tourmaline oi cm sat several 
points in western and central Maine, at Haddam, Conn , and in San 
Diego Co , m Cahforma. The Maine localities aic .it Hebron, Pans, 
Poland and Auburn The tourmalines are in pockets in pegmatite 
The green vaneties are most common, but all colors occur, and many 
crystals are variegated The centers of the gem industry in California 
are Pala and Mesa Grande, San Diego Co , where many pink, tournia- 
hnes and a few green aystals occur associated w ith the lithium imca, 
lepidolite, in pockets m a pegmatite dike The best of these when cut 
bring $20 per carat 

Production — ^The total output of gem tourmaline in the United 
States dunng 1909 was 5,110 pounds valuc*d at $133,192, but in 1912 
the yield had fallen to $28,200. 

Cordieiite ((Mg*Fe)2Al2(A10)aSir.0i(j) 

Cordierite, dichroite, or^iolite, may be an isomoiphous mixture of 
several molecules Its composition is apparently as shown by the 
formula given above, although the persistent appcar.inco of water in all 
recent anal3rses may indicate the presence of hydroxyl in the molecule 
Smee, however, the mineral readily undergoes weathering, most authors 
regard the water as due to some hydrous alteration prixluct . I f the water 
IS regarded as essential the formula becomes HcCMg* Fe)iAlsSii(iO;i7 
The calculated composition of the mineral and the actual compositions 
of some specimens, as shown by analyses, are: 

, S1O2 AI2O8 FezOs FeO MnO MgO H^G 'I’otal 
Theoretical 3^ 34 96 . ■ ... 13 08 . 100 00 

Haddam, Conn 49 14 32 84 63 5 04 19 10 40 1 . 84 100 08 

CabodeGata 48 58 32 44 3 15 9 17 tr. 6,63 . . 99,97 
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Cordierite is orthorhombic (bipyramidal class), with the axial ratio 
.5871 I 5584 Its crystals are usually short columnar with an hex- 
agonal habit due to the equal prominence of 00 P(iio) and 00 P ^ (010) 
(Fig 241) In addition to these planes, there are usually present also 
oP(ooi), P 66 (on) and ^P(ii2) The angle no A ii’o=6o° 50' Inter- 
penetration twins, with ooP(no) the twinning plane, are known but 
they are not common Contact repeated tv^ ms, 
twinned parallel to the same plane, are more 
common They usually possess a pseudohex- 
agonal habit The cleavage is good parallel 
to 00 P 06 (010) and there is often a parting 
parallel to the base (001) 

When in fresh condition the mineral has a 
glassy luster and a bluish, yellowish or grayish 
tinge by reflected light. It is transparent or 
translucent and colored varieties are strongly 
trichroic in dark blue, green and grayish 
yellow shades, which become more intense 
upon heating Its hardness is 7-7 $ and sp 
gr = 2 63 Its refractive indices vary with 
the composition In specimens from Ceylon, 
a^i 5918, i 3 =i 5970, 7=1 5992 

Before the blowpipe cordierite is difficultly fusible It is very slightly 
attacked by acids, but is completely decomposed when fused with alka- 
line carbonates 

The mineral is distinguished from quartz most easily by its cleavage 
and crystallization 

Cordierite weathers readily into fibrous or scaly aggregates of 
micaceous minerals yielding well defined pseudomoiphs. The end 
product of the alteration is a muscovite, or a mixture of this mineral and 
biotite Several of the alteration products are so characteristic that 
they have leceived distinct names Among these are cMorophyUite, a 
green chloritic mineral, Jahlumte, a serpentme-like mass, giganiolik^ a 
brown, gray or green micaceous aggregate in large 12-sided prisms made 
up of thick plates, and a dark green aggregate forming prisms 

that are platy parallel to the base 

Synthesis —Crystals of cordierite have been produced by fusing its 
constituents in. an open crucible and then cooling the mass very 
slowly, but since the result was an anhydrous product its identity with 
cordierite is doubtful 

Occurrence — Cordierite occurs as crystals embedded in gneiss, 



Fio 241 —Cordierite Crys 
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schists, granite, quartz porphyries, and rhyolitic and andesitic lavas 
It occurs both as a pyrogenetic mineral and as a product of contact 
metamorphism 

Uses — Cordierite is used to some extent as a gem 

Localities — Good crystals of cordierite arc found in gneiss in Boden- 
mais, Bavaria, and at Arendal and other points in Noiway, in the vol- 
camc bombs thrown out by the volcanoes of the Lake Laach district in 
Prussia, and the volcano Asama Yama, m Japan, and in the andesite at 
Cabo de Gata, Almena, Spain It occurs also in gianitc veins at Had- 
dam and near Norwich, in Connecticut, in gneiss, <it Guilfoid, in the 
same State, at Bromfield, Mass , and near Richmond and Unity m New 
Hampshire. 



CHAPTER XX 


THE SILICATES— 

THE HYDRATED SILICATES 

Chrysocolla (H2CuSi04-H20, or CuSiO^ 2H2O) 

Chrysocoli^a occurs usually in dense masses without any sign of crys- 
tallization, but at several places it has been found in spherulitic forms 
that are made up of fibers that are apparently acicular crystals The 
symmetry of these, however, is unknown The general view is that the 
mineral is colloidal 

The theoretical composition of chrysocolla, corresponding to the 
formula given above, and the analysis of a specimen from the Old 
Dominion Mine, in Arizona, are given below 

S1O2 CuO FeoOa AI2O3 Mn203 H2O Total 
Theoretical 34 23 45 23 20 541 00 00 

Globe, Anz 31 58 30 28 84 6 27 2 22 28 71 99 90 

Many analyses show the presence of MgO, CaO and FeO, and some the 
presence of ZnO 

The various analyses that have been recorded vary so widely, espe- 
cially in the determinations of water, that the true composition of the 
mineral is still m doubt It is possibly a solid solution of colloids 
An analysis of a specimen from Huiqumtipa, Chile, which is thought 
to have been exceptionably pure gave 

S1O2 AI2O3 CuO FeO CaO MgO H2O Total 
46 14 58 28 8s I 38 I 64 83 20 IS 99 S7 

This corresponds to the formula H3(Cu OH)(SiO;j)2 H2O The spec- 
imen was a turquoise blue enamel, with a hardness of 3 s and a sp gr 
= 2532 

Chrysocolla has an opal-lxke or earthy structure It is green or 
turquoise blue and translucent Its streak is greenish white. Impure 
varieties may be brown or black and have a dark brown or dark green 
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streak. It has a conchoidal fracture and is bnttle Its hardness vanes 
between 2 and 4 and its density between 2 and 2 2 

The mineral is infusible before the blowpipe, but it colors the flame 
green It yields water in the closed tube and is decomposed by HCl 
with the production of pulverulent silica 

It IS distinguished from other green and blue silicates by its reaction 
toward HCl and the green flame it imparts to the blowpipe flame 

OccMiifKce— Chrysocolla is produced by the ovidation of copper 
compounds and combination of these oxidation products with silicic 
aad in the upper portions ot ore veins It sometimes replaces other 
mmerals, as atacamite, cerussitc and labradoritc and forms pseudo- 
morphs after them 

Uses — Chrysocolla is mined with other ores of coiijiei and is treated 
with them for the metal it contains. Exact statistics of the quantity pro- 
duced are not obtainable 

Localities —The mineral occurs in many copper mines, especially m 
Bohemia, Hungary, Italy and Russia It occurs as liluc crusts on the 
basalts near Somerville, N J , as a bluish green matrix cementing black 
masses at the Old Dominion Copper Mine, Globe, Ariz ; and intimately 
intergrown with opal at the Boleo Mine, California It is also abundant 
in Chile, where it occurs in all varieties, 

Glauconite PEIydrous Silicate of Iron and Potassium] 

Glauconite, or greensand, is an important constituent of some sedi- 
ments It IS probably a mixture of several substances, of which the 
compound FeK(Si03)2 xH20 may be most essential. It occurs as little 
round grains and pellets, mixed with the shells of foraminifera, forming 
beds of sand, and also as a component of limestone, marl, clay and sand- 
stone Glauconitic sands, because of their richness in potash weic 
formerly used as fertilizers in the regions in which they arc found. 

Analyses of glauconite grains from Ashgrovc, near Elgin, in Scot- 
land (I), and of glauconite sand from Antwerp, Belgium (II), are as 
follows* 

S1O2 AI2O3 FesOa FeO MgO CaO NasO KaO IIsO Total 

I 49 09 IS 21 10.56 3 06 2 6s SS 1 h OS It 64 100 02 

II so 42 4 79 19 90 s 96 2 28 3 21 .21 7 87 s 28 99.92 

Glaucomte is blackish, or yellowish green, in color, with a light green 

streak It resembles earthy chlorite, but is probably amorphous. Its 
hardness is 2 and its density 2 2-2 8. It is opaque. 
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The mineral fuses with difficulty to a black map;netic slag and is 
decomposed m part by strong hydrochloric acid, but aftei fusion is com- 
pletely dissolved \Mth the separation of gelatinous silica It yields 
water in the closed tube 

Occunence and Localities — Glauconite occurs in oceanic deposits 
and m sedimentary rocks o^ nearly all geological ages Its principal 
occurrences in this country are in the belt of cretaceous beds on the 
Atlantic coastal plain It is best known from the coastal portions of 
New Jersey and from Spotsylvama and Stafford Counties, in Virginia 
It apparently occurs also as a decomposition product of augite m certain 
basaltic rocks In all cases it appears to have been produced by sec- 
ondary processes, m , by the absorption of potassium compounds and 
soluble silica by colloidal ferric hydroxide In the ocean these com- 
pounds result from the action of decaying animal matter upon ferrugi- 
nous clays and fragments of potassic silicates in rocks, when of latei 
origin than the rocks themselves, by the action of solutions of potassic 
salts upon iron hydroxids 

Greenalite differs from glauconite in containing no potassium It 
may be a hydrated ferrous silicate (FeSiOs 11120) or a ferrous-ferric 
silicate (Fe2Fe3 (8104)3 3H2O) It occurs as round grams m the cherts 
of the Lake Superior region, and m its physical properties it closely 
resembles the glauconite granules in rocks. It is believed to be the 
source of the hematite ores of the district. 

Apophyllite (H7KCa4(Si03)8 42H2O) 

Apophyllite differs from the zeolites (p 445) m containing no aluminia 
and m having some of its water replaced by fluorine, but m its general 
appearance and its manner of occurrence it is like them The calculated 
composition corresponding to the formula usually assigned to the mineral 
is given m I Analysis II is of a specimen from Bergen Hill, N. J , and 
III of a specimen from Golden, Colo Some specimens contain also 
small quantities of ammonia. 
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The mineral is tetragonal (ditetragonal bipyramidal class), with 
a : & : I . I 2464. Its crystals usually contain the forms 00 P 00 (100), 
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P(iii) and oP(ooi), and often ooPjCjio) 01 ooP2(2io') Tn addition, 
about ss other forms have been identified, but most of them ate rare. 
Many of these are \icindl planes with lar^c paianietcis The crystals 
are of four types, (i) pyramidal with P(iri) incdominatinp;, (2) pris- 
matic with 00 Poo (too) and P(iii), the former predominating, (Fig 
242A), (3) cubical, with 00 P (100) and oP(ooi) equally prominent (Fig 
242B), and (4) tabular parallel to oP(ooi) (Fig 242C) Twinning par- 
allel to P(iii) IS rare The angle in A 111 = 76° The mineral also 
occurs in granular and lamellar masses 

Apophyllite is glassy on fracture surfaces and most ciystal faces, but 
on oP(ooi) it IS distmctly pearly It is while, grayish, flesh-colored or 
red, and transparent Its streak is white It iiossesses a very peifect 
cleavage parallel to oP(ooi) and a less perfect one puiallel to 00 P(iio) 



Fig 242 — Apophyllite Crystals with m ?oo . 100 (a), P, tit (p), oP, 001 (t) and 
°°P3i3io(y) A Pnsmatu B Cubical C 'I’.iIhiI.u. 


It is brittle Its hardness is 4 5-5 and its density 2 - 2 4. It is stiongly 
P3TOelectric For yellow hght, w=i 5356, €=i S468. 

Before the blowpipe apophyllite eicfoliates and fuses easily to a blcbby 
white enamel, and imparts a violet color to the flame neai the assay. 
In the closed tube it loses water and becomes ojiaciue. It also loses 
water upon being pulverized Most specimens give the lead ion for 
fluorine Half the water is lost at a comparatively low temperature 
(24o°-26o°), but the last remnant of the remainder is driven off only at 
a red heat At 400® fluorine begins to escape The mineral dissolves in 
HCl with the separation of slimy silica. At i8o°- i()o“, undei a pressure 
of 10-12 atmospheres, it dissolves in water, and from this solution it 
crystallizes upon coohng 

Apophylhte is recognized by its crystallization, its jicarly luster on 
the basal plane, and its fluorine reaction. 

Syntheses —Apophyllite crystals have been oblainetl from solutions 
of its constituents in water containing CO2, heated in a closed tube to 
150-160® They have also been formed by the action of a solution of 
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potassium silicate on gypsum The mineral has also been described 
from the nuns of old Roman masoniy around hot springs 

Occurrence — ^The mineral occurs in the cavities of volcanic rocks, 
in veins in granite and gneiss and in ore veins and ore deposits in lime- 
stone It IS also found m the locks surrounding hot springs Under 
some conditions it alters to calcite, and to pectolite (p 369) 

Localities — Good crystals of apophyllite occur at St Andreasberg 
and Radauthal, Harz, at Striegau, Silesia, near Cipitbach, in the Seisser 
Alps, Tyrol, in the magnetite mines at Uto, Sweden, at Disko, Green- 
land, at many points in eastern Nova Scotia, at Bergen Hill, N. J.; at 
Table Mt,, Golden, Colo., and at Santa Barbara, in Brazil 


THE ZEOLITES 


The group known as the zeolites comprises minerals that are hydrous 
silicates of aluminium with calcium, sodium, potassium, barium or 
strontium The calcium compounds are commonest, followed by the 
sodium compounds Compounds with the other elements are com- 
paratively rare 

While It is probable that some of them are primary products resulting 
from the cooling of a magma, in the great majority of cases the zeolites 
are secondary products derived by the alteiation and hydration of 
alkali-aluminium silicates, such as the feldspais, Icucitc, nephelme, etc 
They are nearly always found in veins, 01 on the walls of cic vices in 
rocks (especially \olcanic rocks), where they have been deposited by 
circulating water They are commonly associated with calcite, pecto- 
lite, datolite or prchnite All are well crystallized and some of them are 
m complicated ciystals 

Many of the zeolites have been recrystallized from solutions in 
superheated water The solutions having been produced by the action 
of various reagents upon aluminous silicates 

Before the blowpipe all the zeolites fuse with intumescence, or bub- 
bling, and all give water in the closed tube. They are comparatively 
soft (3 s~S S)) li3,ve a low specific gravity (2-2.4). The most com- 
mon zeolites are 


Ptilohte 

Ileulandite 

Philbpsite 

Harinotome 

Stilhte 

Laumonkte 


(Ca*K2 Na2)Al2Siio024* SH 2 O 
H4CaAl2(Si03)(r3H20 
(Ca-K2)Al2(Si03)4 4 IH 2 O 
(H2(Ba K2)Al2(Si03)r SH2O 
(Ca* Na2)Al2SioOi6 6H2O 

CaAl2(Si03)4-4H20 


Monochnic 

Monoclmic 

Monochnic 

Monoclmic 

Monoclmic 
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Scolecite 

Ca(AlOH)2(SiO'?)3 -’IIjO 

Monoclimc 

Nat)ohte 

Na2Al(A10)(Si0a)j 2H2O 

Oi thorhombic 

Thonisomte 

(Ca Na2)Al2(SiOi)2 2JH2O 

Oithorhombic 

Chahazite 

(Ca Na2)Al2(Si02)4’ 6H2O 

Hexagonal 

Anal cite 

NaAl(Si03)2- HiO 

Isometric 

Ptilohte ((Ca K2‘Na2)Al2Siio024 5H2O) occuis 

in short, hauhke, 


white or colorless crystals, aggregated into delicate tufts or siiongy 
masses Their system of crystallization is unknown Their luster is 
vitreous The needles apparently have a cleavage pcipendicular to 
their long a\es The mineral is scarcely acted upon hy boiling hydro- 
chloric acid 

The composition of ptilohte from Colorado is quoted as follows 

S1O2 AI2O3 CaO Na20 K2O IT2O Total 
70 3S II 90 3 ^7 77 2 83 10 18 ()9 90 

Its refractive indices are about i 480 

The mineral is found m the cavities of a volcanic lock in Gieen and 
Table Mts , Jefferson Co , Colo 

Heulandite (H4CaAl2(SiOa)« 3H2O) 

Heulandite occurs in monoclimc crystals (monoclimc jiiismalic class), 
with the axial ratio .4035 . i . 4293 and 25', in foliated and 

granular masses and in globular aggregates 

The theoretical composition of heulandite (the foinuila of which may 
also be written CaAl2SioOio'' SH2O), and the amilysis of a s[)ecimc‘n fiom 
Anthracite Creek, Gunnison Co , Colo , arc given below 


S1O2 

AI2O3 

CaO 

Na20 

K2O 

II2O 

Total 

I 59 22 

II 57 38 

16 79 

17 18 

9 20 

8 07 

82 

40 

H 79 

16 27 

too 00 

100 12 


I Theoretical 

II Gunnison Co , Colo 


Its crystals are usually tabular parallel to 00 P (010) Their most 
prominent forms are ooPSo (010),— 2P60 (201), 2pcx3 (201), oP(ooi), 
ooP(i:^), 2Pob(o2i) and P(Iii) (Figs. 243 and 244). The angle 
no A i‘io=43® 56' Twins are known, with oP(ooi) the twinning plane. 
The cleavage is perfect parallel to 00 p So (010) and the fracture is 
uneven or conchoidaL 

The mineral has a glassy luster, which becomes pearly on 00 ]> 5b (oio). 
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It IS colorless, white, yellow, brown, pink or red. Its streak is white. 
It IS brittle, has a hardness of 3-4 and a density of 2 2 For yellow 
light, a= I 4998, /?= I 5003, 7=1 5070 

Before the blowpipe heulandite whitens, exfoliates, crinkles and melts 
to a white glass It yields water in the closed glass tube and becomes 
dull and opaque It is decomposed by hydrochlonc acid with pre- 
cipitation of pulverulent or gelatinous silica Its powder reacts 
alkaline 

Heulandite is distinguished by its crystallization and its reactions 
before the blowpipe 

Syntlwi^ib — Crystals have been made by heating anorthite powder 
to 200® with gelatinous silica in water containing carbon dioxide 




Fig 243 — Heulandjic Crystal with « l> w , 010 (/>), P, no (w), 2P00 , 201 {s), 
— 2P w , 201 (0 and oP, 001 (t) 

Fig 244 — Heulandite, var Bcaumontitc Forms same as in Fig 243 


Occurrence — ^The mineral occurs in the cavities of porous basalts, 
and. occasionally in gneisses and granites, associated with other zeolites 
It IS found also in some ore veins 

Locahiies — Good crystals occur in the druses and veins in volcanic 
rocks at Fassa, Tyrol, at Montecchio Maggiore, Italy, at Lake Mien, 
Sweden, and along the north shore of Lake Superior It also occurs in 
druses in gneisses at the Campsie Hills, Scotland, and at Jones Falls 
quarries (beaumonhte), Baltimore, Md. 


Philhpsite ((Ca £2)^2(8103)4- 44H2O) 

Phillipsite IS a calcium, potassium alumino-sihcate with the theoretical 
composition indicated in line I. The composition of a specimen from 
Richmond, Australia, is shown in hne II Many specimens contain 
banum and sodium. 
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The mineral crystallizes m the monoclimc system with the a\ial latio 
709s .1*1 2563 and 18=124° 23' Its crystals arc ncvei simple but 
are always twinned parallel to oP(ooi), forminp; grouj^s with an ortho- 
rhombic or tetragonal habit (Fig 245) These are often twinned again 
with P ^ (on) the twinning plane, producing intcriienctration fourhngs 
(Fig 246A) Three fourhngs twinned again, with co P(iio) the twinning 
plane, result in a group of 12 individuals (Fig 246 H) The individual 
crystals are usually bounded by oP(ooi), 00 P 00 (0x0) and 00 P(iio), 



Pro. 245 246 

Fig 245 — Phillipsite Interpenetration Twin about or(ooi) Forms arc oP, 001 
(c), 00 P M , 010 (/)) and eo P, no i»i) 

Fig 246 —Phillipsite —A Fourlmg of two twins like 245 twinned again about 
pob (on) The c faces are on the oulwdc. B Three fourlings twinned about 
ooP(iio) 

though €50 P^ (100), c5oP2(i2o) and several othoi forms also occur on 
them The angle iioAiTo= 60^42' The faces 00 P(i 10) and 00 P So (010) 
are usually striated parallel to the edge between the two besides occur- 
ring m distinct crystals the mineral is also found in radially fibrous glol^- 
ular aggregates 

PhiUipsite has a glassy luster, is colorless or white, yellowish, gray- 
ish, reddish or bluish, is transparent or translucent and has a while 
streak. Its cleavage is distinct parallel to oP(ooi) and ooPSb (010). 
It IS brittle, has a hardness of 4 and a density of 2.2, Its refractive 
index, j8=i SI. 

Before the blowpipe it fuses to a white glass In the closed glass tube 
It gives oS water and becomes cloudy and milky. It is decomposed in 
HCl with the separation of gelatinous silica, and in dilute H2SO4 without 
precipitation 
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It IS distinguished by its cn'stallization and by the fact that it dis- 
solves in H2SO4 without precipitation of BaS04 (see Harmotome, 
below) 

Synthesis — Crystals of phillipsite have been produced by heating 
potassium aluminate and silicate in a closed glass tube at 200® 

Localities — The mineral occurs in the vacuoles of basic igneous rocks 
at the Giant’s Causeway, Ireland, at Capo di Bove, near Rome, Italy, 
at Aci Castello, in Sicily, and at vanous points in the state of Victoria, 
Australia 

Harmotome (H2(Ba K2)Al2(Si03)5 5H2O) 

Harmotome is a barium compound almost identical in crystallization 
with phillipsite 

Its theoretical (I) composition (also wntten(Ba K2)Al2Si50i4 SH2O) 
and the analysis of a specimen (II) from Thunder Bay, Canada, are 
shown below 


GO 

AI2O3 

CaO 

BaO 

H20 

Total 

I 46 64 

IS 78 


23 67 

13 91 

100 00 

II 46 36 

17 16 

2 25 

21 18 

u 54 

loi 49 


The crystallization and twinning of harmotome are the same as m 
phillipsite Its axial ratio is 7032 i : i 2310, with 50' The 

crystals more commonly contain the form 


00 P 06 (100), and a few more orthodomes 
Fourlings are common, but in these the planes 
00 P ^ (010) form the outside of the group, 
whereas in phillipsite the outside planes are 
oP(ooi) The planes oop(iio) and 00 Pod 
( 010) are striated as in phillipsite (Fig 

247) 

In gencial appearance and phy’^sical prop- 



erties harmotome resembles phillipsite It 
has, however, but one distinct cleavage, which 
IS parallel to 00 P ob (010) Its hardness is 
4-5 and density 2 $ Its icfractive indices 
are 1.503, 7=1 508 It acts very much 
like phillipsite before the blowpipe and in the 
closed tube It, however, dissolves readily in 
HCl with the separation of pulverulent silica, 


Fig 247 —Harmotome Four- 
IniR Twinned like PhiUiph- 
itc, Fig 246 A, Kx<cpt 
that Commonly the b 
F«nes are on Ihe Outside 
Note differences m direc- 
tions of sfrutionb on this 
fiKure and 246 A, 


and in dilute H2SO4 with precipitation of BaS04. Its powder reacts 
weakly alkaline 
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The mineral is distinguished from all others but philUpsi’e by its 
crystallization, and from this mineral by its reaction with H2SO1 

It occurs m the vacuoles of volcanic rocks, in gneisses, gianitic rocks 
and a few ore veins 

Localities —It is found at St Andreasberg in Harz, in veins m granil e 
at Strontian, m Scotland, in druses in the syenite near Christiania, 
Norway, on calcitem mines at Rabbit Ml , and in the Beaver Mine, 
near Thunder Bay, Ontario, and in the gneiss iindei New York City 

Stdbite (Ca Na 2 )Al 2 SibOi(r 6Hi>0) 

Stilbite, or desminc, is found in twinned nystals wutli an ortho- 
rhombic habit resembling the simple twins of pliillipsitc, and in sheaf- 



Fig. 248.— Sheaf-hke Aggregates of SiiUnte, 

like aggregates (Fig. 248), in radiating bundles and in thin platy 
prisms 

Its composition calculated from the formula given above is as in I 
The result of the analysis of a soda-free sj)ccimen from Fn^neh Creek 
Mines, Pa , is given m II and of a sodium-bearing siieeimen from (iolden, 
Colo , in III 


S102 

AlaOs 

CaO 

MgO 

Na20 

KaO 

IW 

Total 

I 57 4 

16 3 

7 7 


1 4 

* . 

17,2 

100,00 

n. 58 00 

13 40 

7 80 

1/40 

tr. 

1.03 

18 30 

99 ■95 

m S4 67 

16 78 

7 98 

• 

I 47 


19 *6 

xoo oO 


The crystals are monoclinic (prismatic class), with an avial ratio ()f 
7623 : 1 : 1. 1940, with ^=si29° 10'. They are always interpenctnition 
twins, with oP(oox) the twinning plane as m pbillipsitc The individ- 
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uals are simple combinations of ooPob(oio), oP(ooi) and ooP(no), 
and they are usually tabular parallel to oo P ^ (oio) Their cleavage is 
perfect parallel to oo P ob (oio) and imperfect parallel to oP(ooi) 

Stilbite is colorless or white, grayish, greenish, yellowish, red or 
brown It has a white streak and a glassy luster that is nearly pearly on 

00 P ob (oio) It IS transparent or translucent, is brittle, has a hardness 
of 3-4 and a density of 2 2. Its refractive indices are o:=i 494, /?= 

1 498, 7= I 500. 

Before the blowpipe it exfoliates, swells and crinkles to a white blebby 
glass In the closed tube it yields water and becomes cloudy and opaque 
It IS decomposed by HCl with the production of pulverulent silica Its 
powder reacts alkaline. 

Occurrence — Stilbite occurs m the vacuoles of amygdaloidal basalts, 
m veins cutting granites and other coarse-grained rocks, and on the walls 
of cracks m gneisses and schists It occurs also as deposits around hot 
springs 

Localtties. — Its principal localities are the basalt rocks of the Isle 
of Skye, Arran in Scotland, Mourne Mts and the Giant’s Causeway, in 
Ireland, and the Deccan, in India It occurs m veins at Radauthal in 
the Harz, at Stnegau, in Silesia, and at Falun, m Sweden It is abun- 
dant in the old volcanic rocks of Nova Scotia; of Lake Superior, and 
of Table Mt , near Golden, Colo , and near Bergen Hill, N J , and is 
present in cavities in gneisses at several points in Connecticut and 
Pennsylvania. 


Laumontite (CaAl 2 (Si 03 ) 4 ‘ 4 H 20 ) 

Laumontite occurs m monoclmic crystals and in radiating fibrous 
aggregates Its formula demands the composition shown m I The 
analysis of a specimen from Table Mt , Colo , is quoted in II. 



S102 

AI2O3 

FC2O3 

C<aO 

NaaO 

K2O 

H2O 

Total 

I 

SI 07 

21 72 


II 90 



IS 31 

100 00 

II 

51 43 

21 52 

94 

II 88 

19 

35 

13 81 

X00.12 


Its crystals are usually very simple monochnic (prismatic class), 
combinations with an axial ratio 1 1451 : i : 5906 with jS— 99® 18' 
The most common forms observed are ooP(no) and 2P« (201), and 
often these are the only two present (Fig. 249) Frequently crystals of 
this type are twmned parallel to ooP w (100). Their cleavage is perfect 
parallel to w P w (010) and 00 P(iio) The value iii A iTo=93® 44'. 

Laumontite is white, grayish, yellowish or reddish, and has a glassy 
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luster except on cleavage surfaces On these it is pearly It is trans- 
parent or translucent .ind its streak is white It is buttle, has a hard- 
ness of 3-3 3 and a deiisit y of 2 3-2 4 Its 
refractive indices are «= 1,513, 18=1,524, 7= 
I.S2S 

Before the blowpipe it swells and melts to a 
white glass It gelatinizes with HCl It readily 
yields some water at low temperature in a closed 
tube, but a red heat is required I o diive off the last 
traces When melted and coolerl the glass crys- 
tallizes to anorthite and a pyroxene mineral. 
Laumontite is best recognized by its crystals 
Occurrence — It occurs m the cavities of basic 
IS also foimd in veins in clay slates, and schists 
and as a gangue mineral in certain ore veins. 

Locahtm — Its best known localities are the Isle of Skye and Dum- 
bartonshire, m Scotland, in the Zillerthal, Tyrol; at Table Mt , Colo ; 
at Bergen Hill, N J, at many points on the north shore of Lake Superior, 
and on Keweenaw Point, on the south shore, and m the trap rocks 
near Annapolis, Nova Scotia 

Scoledte (Ca(A10H)2(Si08)3 2H2O) 

Scolecite is white and it occurs in silky, fibrous and dense radiating 
masses and also in crystals that are often aggrcg.it ed into divergent 
groups (Fig. 250) 

Its formula (written also CaAbSisOm 3H2O), demands the composi- 
tion mdicated in I. The analysis of a specimen from Table Mt., Colo , 


is quoted 

Si02 

in n 

AlsOs 

Fe203 

CaO 

NasO 

K20 

TT20 

Total 

I 4S 92 

26 05 


14 27 

. 

. . 

13 73 

100.00 

n 46 03 

25 28 

.'27 

12 77 

X 04 

.13 

14-48 

100,00 


The mineral is monochnic (domatic class), with a", h: c*= .9764 : t : 
3434 and 18=90® 42'. Its cry.stals are columniir or acicular in the direc- 
tion of c and are usually bounded by 00 P & (010), 00 P(iio), — P(irT) 
and POfii) (Fig. 251) Other planes are sometimes present in the pris- 
matic zone, and — P Si (ioi), ~3P(33i) and — 3P3(i3i) at the termina- 
tions. Twins are more common than simple crystals, the twinning plane 
bemg 00 P a (100) and the composition plane the same. The angle 
iioAi 1 o= 88 ° 37' 




Fig 249 — Lauraontite 
Crystal with oo P, 
no (w) and 2P«, 
201 (c) 


volcanic rocks It 
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Scolecite is glassy in luster, transparent or translucent, and colorless 
or white. Its cleavage is perfect parallel to oo P(iiol and its fracture 



Fig 250 — ^Divergent Groups of Scolecite Crystals from near Bombay, India 




conchoidal or uneven. Its hardness is 5-5 5 and density 2.2-2 4 Its 
crystals are strongly pyroelectric On a cooling crystal the front pris- 
matic faces (no) are positively charged and the 
corresponding back faces (ilo) negatively charged. 

Their hemihednsm is brought out clearly by etch 
figures The refractive indices for yellow hght are: 
a=i 5122, / 3 =i 5187,7=1 5194- 

Before the blowpipe scoleate crinkles and fuses 
to a white blebby enamel. In the closed tube it 
yields water and becomes white and opaque It 
gelatinizes with acids 

Scolecite is distinguished by its crystalliza- 
tion 

Synthesis — Scolecite has been obtained by treat- 
ing natrohte (p 454) with a solution of CaCfe* 

Crystals occur on Roman tiles that have been ex- 
posed for centuries to the waters of the hot 
spnngs at Plombieres, France 

Occurrence — ^It occurs in the cavities of basic volcanic rocks and in 
veins in crystalline schists. 


Fig 251 —Scolecite 
Crystal with 00 p, 
110 (w), 00 P^ 010 
(&), P, ixx (<j), 
and “P, HI (0) 
Twinned about 
00 (100) 
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LocaMtes —Its principal occurrences die veins in siliceous rocks in 
Canton Uri, Switzerland, and in the cavities oC bdbalts m the Bern 
Fjord, Iceland, atStaffaandthelsleof Mull, Scotland, at Table Moun- 
tain, near Golden, Colo , and in the Deccan, India 

Natrohte (Na2Al(A10)(Si03)d 2H2O) 

Natrolite occurs in acicular crystals, and in i.idial fibious, gran- 
ular and dense masses 

Its theoretical composition (I) and the analyhis of a siiocimen (II) 
from Magnet Co^e, Ark , coriesixmd veiy doscly 


S102 

AloOj 

FeO CaO 

MgO 

NaoO 

1120 

Total 

I 47 36 

26 86 

* 

■ • 

16 32 

9 40 

100 00 

11 47 S6 

26 82 

20 13 

09 

IS 40 

y b 3 

99 83 


Natrohte is orthorhombic (bipyramidal class), with a • ft • < = 9785 
:i - 3536 and «3P(iio), ooP 65 (roi), ooP2(t2o), 00 P* (010), 
P(iii) the most commonly occurnng forms (Fig z^z) Additional 
forms that are fairly common are PJI (n lo.ii), 3P(33C and 3P3(i3i) 
The pnsmatic angle is nearly ejo® (88° 415'), 
causing the crystals to apiiear tetragonal 
Some crystals are apiiarently monodmic 
(pnsmatic dass) with ^=90° in which 
case the substance is dimorjihous. The habit 
of the crystals is columnar, or acicular, in the 
direction of the c axis with stnations on the 

I 

prismatic planes parallel to this ilircction. In 
the case of a few crystals from Norway, how- 
ever, the elongation is in the direction of ft. 
Twins are known, with 3P ® (301) the twinning jilanc. 

Natrohte is glassy and transparent or translucent. It is colorless or 
white, yellowish, reddish or green Its streak ih white. Its cleavage is 
perfect parallel to ooP(iio). Its fracture is uneven or conchoidal, its 
hardness 5-5 5 and density 2.2-2 5. Its refractive indices for yellow 
hght are 0=1 4754, j 3 =i 4790, 7=1.4887. 

Before the blowpipe the mineral fuses quietly to a colorlchs glass at 
the same time colormg the flame yellow. In the tlosed tube it loses 
water and becomes doudy and opaque. Its powder react.s alkaline 
Natrohte is easily distinguished from other zeolites by its crystalliza- 
tion and action before the blowpipe 

.S'yn^Aww,— Crystals of natrohte have been obtained by dissolving 




Fig 252 —Natrohte Crystals 
with 00 P, no (w), P, nt 
(0), «»Po6, 010 (6) and 
PfJ, II 10 II («) 



HYDRATED SILICATES 


455 


the powdered mineral in a closed tube with carbonated water at i6o® 
and cooling Crystals supposed to be those of natrolite have been pro- 
duced by treating nepheline m a closed tube at 200° with a solution of 
alkaline carbonates in carbonated water 

Occurrence — The mineral occurs m the cavities of volcanic rocks, and 
as an alteration product of nepheline, sodalite and plagioclase m coarse- 
grained rocks 

Localities — Crystallized natrolite is abundant m the volcanic rocks 
of Hegau and the Kaiserstuhl in Baden, in the basalts of Silesia and 
Bohemia, in the volcanic rocks of Tyrol and Ital}'’, m those of the 
Auvergne, France, in veins in the syenites of Langesundfjord, in Nor- 
way , in the basalts of Cape Blomidon and other points m Nova Scotia, 
at Eagle River, in Michigan, and Bergen Hill, N J , and in the nephe- 
line syenites of Magnet Cove, Ark., and elsewhere, 

Thomsonite ((Ca Na2)Alo(Si04)2 2JH2O) 

Thomsonitc, or comptonite, is evidently an isomorphous mixture of 
soda and lime molecules — the ratio of Ca to Naj varying between 
3 I and I I The calculated composition represented by the formula 
(Ca Na2) Al2(Si04)2 2IH2O is given in III In I is given the calculated 
formula of the compound m which Ca : Na2 is as 3 * i and m 11 , that m 
which this ratio is 2 * i The analysis of tabular crystals from the 
basalt of Table Mt , near Golden, Colo , is given m IV. 
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I- 37 0 
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Thomsonite crystallizes in the orthorhombic system with ai bi 
,9932 : I I 0066 The crystals, which are rare, usually have a pris- 
matic habit. They are bounded by 00 P ^ (100), 00 P(iio), 00 P 06 (010) 
oP(ooi), 4P CO (401), 8P 00 (801), and often |P 06 (012), and are striated 
parallel to c (Fig. 253). The angle iioAiTo-89® 37'. The crystals 
are commonly grouped m radial aggregates or spherical concretions. 
Rarely, the mineral is in fine-grained structureless masses 

Thomsonite has a glassy luster that in some cases is slightly pearly, 
especially on cleavage planes It is transparent or translucent, colorless, 
white, gray, green or red and has a colorless streak. Some radial aggre- 
gates are red and white in concentric zones. The cleavage of thorn- 
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Fig 253 — Thomsonite 
Crysstal with oc P no 
(;w), 00 Poo , 100 (tf), 
oc P 00 ,010(6), 8P w, 
801 (e), 4P00 ,401 (d) 
and oP, 001 (r) 


somte IS perfect parallel to 00 P 06 (010) and less pcifect parallel to 
00 Poo (100) Its fracture is uneven It is buttle, has a hardness of 
5-5 5 and a density of 2 3-2 4, and is pyro- 
electric Its refractive indices aie a=:i 498, 

/ 3 =i 503 > T=i 525 

Before the blowpipe it swells and fuses to a 
white glass In the closed tube it gives up 
water and becomes opaque It gelatinizes with 
HCl Its powder leacts iilkaline 

Ltntomte is a green, piehnite-hke variety 
occurring as little structureless pclibks on the 
north shore of Lake Sujicnoi It is used to 
some extent as a gem stone Its hardness is 5-6, 
and its sp gr 2 34 

Chlorastrolite is a fibrous variety, also oc- 
curring as pebbles on the shores 'of Lake 
Superior, especially on Isle Royalc It is often 
pink and white in concentric zones It also is employed as an orna- 
mental stone Some of the chlorastrolite is piobably fibrous piehnite 
Occurrence — ^The mineral occurs in the vacuoles in igneous rocks, as a 
constituent of pegmatite dikes, and as an alteration product of neiihchne 
in nephelme rocks, and of the plagioclascs in crystalline schists It is 
found also as little pebbles on the north shore of Lake Superioi, where it 
was washed from amygdaloidal basalts 

Localities — ^It is found m the basalt of Kaadcn and othci places in 
Bohemia, in the porphyries of Kilpatrick, Kilmalcom and Port ( 51 asgow, 
in Scotland, m the inclusions m the lavas of Mtc Somma, near Naples, 
Italy, in veins on Laven, Aro and at other places in Norway, in the 
basalts at Port George and Cape Split in Nova Scotia; on the shore of 
Lake Superior near Grand Marais, Minnesota, where it originally filled 
amygdaloidal cavities in diabases and basalts; in cavities in the neph- 
eline syenites at Magnet Cove, Ark , and in the basalt at Table Mt. 
near Golden, Colo 

Production to the value of $350 was sold during 
1912 


Chabazite ((Ca IIa2)Al2(SiO.,)4*6HoO) 

Chabazite has a variable composition It is probably an isomor- 
phous mixture of the Ca, Na and K molecules correspomhng to the 
general formula (R"R'2)Al2(Si03)4 6H2O, Analyses of the three 
chemical types of the mineral are given below. 
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S1O2 

AI2O3 

Fe203 

CaO 
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0 

K2O 

II2O 

Total 

I 

43 84 

20 99 
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I 83 
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100 30 

II 

47 52 
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52 

36 

22 II 

100 05 

m 

49 24 

18 07 

84 

5 16 

86 

3 00 

21 31 

99 95 


I Phacohte from Richmond, Viclona 

II From the basalt of Table Mt , Golden, Colo Also 43 SrO 
III Haydenite from Jones Falls quarry, Baltimore, Md Also i 47 BaO 


Chabazite occurs in crystals and m compact aggregates It crys- 
tallizes in the rhombohedral division of the hexagonal system (ditrigonal 
scalenohedral class), with a: c=i 1 0860 Crystals are usually of a 
cubical habit because of the predominance of the rhombohedron which 



Fig 254 Fig 255 Fig 256 


Fig 254 — Chaba^ite Crystal with R, loTi (r), — JR, 01T2 (e) and — 2R, 0221 (s) 
Fig 2SS — Chabazite Interpenetration Twin, with c the Twinnmg Axis and oR(oooi) 

the Twinning Plane 

Fig 256 — ^Phacohte with Same Forms as m Fig 254 and also oR, 0001 (c), JP2, 
1123 (/) and — 3 Rj 0223 (p) Interpenetration twin about oR(oooi) 

has nearly equal a and c axes Besides R(io 7 i), the most common 
forms are oR(oooi), '-lR{oiT2 and --211(0221) (Fig 254), though other 
minus rhombohedrons, scalenohedrons and a prism (00P2, 1120) and 
pyramid (IP2, 1123) of the second order are also known The angle 
ioTiaIioi= 85° 14' The crystals are often striated parallel to the 
edge between R and— JR Twmmng is not uncommon Both con- 
tact and interpenetration twms are known, the former with R(ioTi) 
the twmmng plane, and the latter with oR(oooi) the twinning plane 
(Fig 255) In the variety of chabazite known as pkacobte, the crystal 
habit is lenticular because of the nearly equal prominence of fP2(ii23) 
and — 2R(o22i), and twinning parallel to oR (0001) (Fig 256). 

Chabazite is glassy in luster, is transparent or translucent, colorless 
or white, gray, yellowish or pink Its streak is colorless. Its cleavage 



458 


DESCRIPTIVE MINERALOGY 


IS distinct parallel to R(ioii) and its fracture uneven Its hardness 
IS 4-5 and density 2 08-2 16 Its indices of ref 1 action are about 
I 48 

Before the blowpipe fragments of the mineral usually swell and fuse 
to a porous translucent glass In the closed tube they yield water and 
become cracked, but remain clear The variety from Victoria (phacolite), 
however, becomes cloudy and red and breaks into ])icccs The mineral 
is decomposed by HCl and the separation of slimy silica, liut after fusion 
IS insoluble. Its powder reacts weakly alkaline 

Chabazite is distinguished by its ciystalli/ation and its reaction in 
the closed tube 

Syntheses , — Chabazite crystals have been obtained by dissolving the 
powder of the mineral in carbonated water m a closed tube at 150° and 
cooling, and by heating to 200° a mi\ture of freshly piccipitated S1O2, 
AI2O3 and Ca(0H)2 in water containing CO2 

'When chabazite is fused alone it crystallizes as anortlnte 
Occurrence —The mineral occurs in the vacuoles of l)asallh and other 
volcanic rocks and on the walls of crevices m gneisses and schists It 
IS found also in ore veins and as a deposit from thermal spi mgs 

Locahhes —It is abundant in nearly all regions m which basic vol- 
came rocks occur, especially m Rhenish Prussia, Hesse, Silesia, Bo- 
hemia, Tyrol, Italy; Canton Un, Switzerland, Kilmalcolm and Skye, 
Scotland, Iceland, near Richmond, Victoria (phacolite), and elsewhere. 
In North Amenca it occurs m the basalts m southwestern Nova Scotia, 
on the walls of clefts in a gneiss at Jones Falls and Baltimore, Md 
QiaydenUe)^ and in the basalt of Table Mt. and Golden, Colo. 

Analcite (SaAl(,SiO^)z Jl20) 

Analcite corresponds to the monohydrale of a sodium leucitc. Its 
formula demands the composition shown in 1 In II is given the analy- 
sis of a specimen from Table Mt , Colo Many analcitcs contain small 
quantities of CaO In III is the analysis of calciferous crystals from the 
Highwoods Mts , Mont. 
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Analcite forms isometric crystals that are usually icositetrahedrons, 
202(211) (Fig, 257) More rarely they are modified cubes (Fig. 258), 



HYDRATED SILICATES 


469 


containing ooOoo(ioo), ooO(iio), 2000(210), 202(211), O(iir) and 
occasionally 10(332) and icositetrahedra with large parameters Some 
crystals show double refraction which is regarded as due to strain 

The mineral has a glassy luster. It is transparent or translucent, 
colorless or white, gray, yellowish, greemsh or reddish Its streak is 
white It possesses a very imperfect cleavage parallel to 00 0 00 (100) 
and an uneven fracture Its hardness is 5-5 5 and density 2 2-2 3 
For yellow light, n—i 487 

Before the blowpipe analcite fuses to a colorless glass, imparting a 
yellow color to the flame In the closed tube it yields water, but retains 
Its form and luster. It gelatinizes with HCl Its powder reacts alka- 
line 

Analcite resembles leucite and light-colored transparent garnets 
It IS distinguished from garnets by its less hardness and from Imdte 




Tn, 2S7 — Analcite Crystal with 2O2, ax i 
Fig 258 — Vnalutc Crystal with 00 0 00 , 100 (a) and 2O2, 211 («) 

by the presence of water and by its easy fusibility. It diffeis fiom 
ckabaztte by fusing without intumescence to a colorless glass 

Synthem — Crystals of analcite have been made by heating sodium 
silicate, or a hydrate, with an aluminous glass to 180^-190° m a closed 
tube, and by heating in a similar manner a mntuie of sodium silicate 
and aluminate with limewater. Crystals have also been obtained by 
heating to 500° a mixture of finely powdered laumontite with an aqueous 
solution of sodium silicate. 

Occurrence —‘hmXcxit occurs as a primary constituent of certain 
alkaline volcanic rocks in the Little Belt and the Highwood Mts., 
Mont , and elsewhere It occurs also filling cavities in volcanic lavas 
and as a secondary mineral, replacing nepheline, leucite and sodalite in 
both volcanic and plutonic rocks. 

Localities — It is found m the vacuoles of basalts on the Cyclopean 
Islands, near Catqnia, Sicily, m the Kaiserstuhl, Baden, in the Seisser 
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Alps, Tjnrol, at Dumbarton, Old Kilpatrick and elsewhere m Scotland, 
at Bergen Hill, N. J , Table Mt near Golden, Colo , on Keweenaw Pt , 
Lake Superior, in southwestern Nova Scotia, and elsewhere It occurs 
in veins in southern Norway, in druses near Richmond, Victoria, and 
as an onginal component of igneous rocks in the Highwood Mts , and 
the Little Belts Mts , in Montana, near Ciipple Creek, Colo ; near 
Sydney, N S Wales, at Winchester, Mass , and elsewhere 



CHAPTER XXI 


THE TITANATES AND TIT ANO-SILI CATES 

The titanates are salts of titanium acids that are in all respects anal- 
ogous to silicic acids Thus, the normal titanate is a salt of the acid 
H4T1O4 and the metatitanate a salt of metatitanic acid (H4Ti04--H20 
=H2Ti 03) The mineral, perovskUe, for instance, is a calcium metati- 
tanate (CaTiOa) and tlmemte a ferrous metatitanate Dititanates are 
salts of H2Ti205(2H4Ti04—3H20=H2Ti206) There are no dititanates 
known among minerals, but there is one mineral which is fairly common 
that may be regarded as a dititanate in which one of the Ti atoms has 
been replaced by Si, giving rise to a titano-silicate This mineral is 
sphene, which is the calcium salt CaSiTiOs 

Perovskite (CaTiOa) 

Perovskite occurs almost exclusively in small crystals with a cubic 
habit Although apparently complexly modified cubes, they arc in fact 
complicated intergrowths of orthorhombic ‘ lamellae, with a:b:c— 
I I : 7071 (approximately) 

The formula CaTiOs is equivalent to 41 i per cent CaO and 58 9 
per cent T1O2, but the mineral usually contains also some Fe 

The cleavage of perovskite is cubic Its fracture is uneven to con- 
choidal It is brittle, has a hardness of 5 S and density of 4 02 Its 
color varies from pale yellow through oiange-yellow to reddish brown 
and grayish black Its streak is coloiless and luster adamantine The 
mineral is transparent to opaque Its refractive indices for yellow light 
are about 2 38. 

Perovskite is infusible in the blowpipe flame. The salt of phos- 
phorus bead in the oxidizing flame is green while hot, colorless when cold 
In the reducing flame it is green-gray when hot, and violet blue when 
cold The mineral is completely soluble m hot H2SO4. 

It alters to ilmenite and magnetite, and possibly anatase. 

Syntheses — Crystals have been formed by heating a mixture of 
T1O2, CaCOa and an alkaline carbonate until all the alkali volatilized, 
and by fusion of T1O2, CaCOs and CaCb 
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Occurrence and Localities —Microscopic crystals of perovskite occur 
in some igneous rocks, where they aie probably scpaiated from the 
rng gnia producing the rock It also occurs in chlorite schist and lime- 
stone as small crystals embedded in the rocks, and also implanted on the 
walls of cracks at the Achmaton Mine in the District Slatonst, in the 
Urals, near the Findelen glacier near Zermatt, Switzerland, m Val 
Malenco, Italy, at Magnet Cove, Arkansas, in coarse-grained, nephcline 
syenite, and associated with magnetite in great quantity at Catalan, 
Goyaz, Brazil 

nmenite (FeTiOj) 

Ilmenite or menaccamte, is one of a senes of isomoqihous compounds 
consisting of the titanates of Mg, Mn and Fe, all of whuh crystallize in 
the rhombohedral tetartohedral division of the hexagonal system (trig- 
onal rhombohedral class) The crystallographic constants of ilmenite 
are, however, so nearly like those of the mineral hematite, which is 
ditngonal skalenohedral, that the two compounds often ciystallize 
together, and consequently many specimens of ilmenite when analyzed 
show notable quantities of FC2O3. These arc rcgaicled as solid solu- 
tions of FeeOs in an isomorphous mixture of FeTiOa and MgTiOn The 
axial ratios of the two mineials arc: 

Hmcmte a ‘ c=i : i ,^85. 

Hematite a 6=1 1.565 

The composition corresponding to the above formula is Ti=3i6 
per cent, Fe"=36 8 per cent and 0=.5i.6 per cent, but the mineral 
nearly always contains some Mg and ferric iron (I'VaO.*) An analysis of 
ilmemte separated from a peridotite in Kentucky gave: 

TiOz FeO MgO Fc-zOa AlaOa HiOs Other 'rotal 
49 32 27 81 8 68 9 13 2 84 76 1.56 100 10 

Ilmemte is rarely found in crystals. It is usually in large homo- 
geneous masses, m granular aggregates, in thin plates and m sand grains. 
The crystals have a tabular or rhombohedral habit and resemble very 
dosely those of hematite. The predominant forms are R(ioT i), oR(oooi) 

—^1(4223), — 2R(o22i) and — JR(oi 72 ) (Fig. 259). The angle loTx A 

1101=94° 29' Simple crystals, bounded by oR(oooi), R(ioTi) and 
— R(oiii) are also common 

The mineral is black and opaque, and its streak is black to brownish 
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red Its cleavage is parallel to oR(oooi), and its fiacture conchoidal 
It has a submetallic luster, a hardness of 5 to 6, and a specific gravity 
of 4 5-5 It IS slightly magnetic, and is a good conductor of electricity 
Before the blowpipe ilmenite is nearly infusible. It gives the reac- 
tions for iron with beads When the micro- 
cosmic salt bead, which is browmsh red in 
the reducing flame, is treated with tin on 
charcoal it changes to a violet-red color. 

The pulverized mineral is slowly dissolved in 
hot HCl to a yellow solution If this is filtered 
and boiled with the addition of tin it changes 
to blue, indicating titanium 

Ilmenite can be distinguished from hema- 
hte by its streak, from magnetite by its 
lack of strong magnetism and from most 
other heavy black minerals by its reaction for titanium 
Upon weathering ilmenite alters to sphene and limomte 
Synthesis — Crystals have been obtained by melting together T1O2 
and FeCla 

Occurreme — ^The mineral occurs as a constituent of many igneous 
rocks, and of the crystalline schists produced from them by meta- 
morphism, especially of gabbros and diontes and their derived schists, 
where it has crystallized from the magma forming the original rocks. 
It occurs also in veins cutting these rocks and also as great masses near 
their contacts with other rocks In a few places it forms the mam com- 
ponent of sand 

Localities — ^The mineral is found at many places where gabbros 
and diontes abound Its principal occurrences m Europe are in the 
Ilmen Mountains, Ural, at Menaccan, Cornwall, England, and at 
Kragero, Arendal and Snarum m Norway. In North America it is 
found as crystals in pegmatites at several points in Orange County, 
New York, at Litchfield, Connecticut, at Bay St. Paul, Quebec, and 
in large masses m the Adirondacks, New York, and in northeastern 
Minnesota 

Uses — Because of its abundance, many attempts have been made to 
utilize ilmenite as an ore of iron, but on account of the large quantity of 
titanium in it, no satisfactory means of smelting it on a commercial 
scale have been successful, and consequently the mineral has little value 
at present. With improvements in the processes of electric smelting, 
however, it may before long become an economically important source 
of iron 



Fig 259 — ^Ilmenite Crystal 
with R, loli ix), oP> 

4p2 

OOOI (c), 4223 («) 

and — 2R, 0221 (j) 
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Titamte (CaSiTiO^) 

Titanite, or sphene, usually occurs as crystals, but in some places 
in granular and compact masses Although the formula lor the mineral 
IS simple, as given above, requiring as it does 286 pei tent CaO, 408 
per cent T1O2, and ^o 6 per cent S1O2, many sju'cimens show also the 
presence of FciOj, AbO,!, and in many cases considcMble cjuantities of 
Y2O3 

Analyses of three specimens fiom dilTeient localities yielded 
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The crystals are monoclinit (pnsmatic class), with a : l> : < ^ 7547 
. I : 8343 and 43' Their habit vaues widely Some aie 



Fn 260 Fki 2f)i Vii, »fp. 


Fio 260— Titanitc Crystal with ooPoo, too [a), — iP&o, loj (i), ol*, oot (r) 

and JP, iu (0 

Fio 261— Titanite Crystal with a, x and < as in Fig. 260. Also -P, in («) and 

eo P, 110 (?w) 

Fig 262 — ^Titanite Crystal with m, n and c as in Fig 261, Also +P, Tit (i), 

double-wedge-like, others are envelope-shaped, others prismatic, and 
others tabular On the wedge-shaped crystals iP(n 5 ) und - iP oo (102) 
predominate (Fig. 260). On the envelope-shaped ones ooPoo(joo), 
— *P(iii) and oP(ooi) are most prominent (Fig, 261), and on the tabular 
ones oP(ooi) is the largest face (Fig, 262). The prismatic crystals are 
often more compheated In all about 75 forms have been identified 
Both contact and penetration twins arc common, with 00 P 60 (too) 
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the twinning phine The cleavage is distinct parallel to oo P(iio), and 
there is often, in addition, a very perfect paiting parallel to — 2P(22i), 
which IS due to polysynthetic twinning The planes oo P 5d (loo) and 
2 -P(Ti 2) are often striated parallel to their intersection with ^ P(iio) 
The angle 1104110=66® 29' 

The mineral is brown, gray, yellow, green, black, rose or white Its 
streak is white or pink, its luster is vitreous or resinous and it is trans- 
parent, translucent or opaque Its hardness is 5-5 5 and gravity 3 5 
It IS pleochroic m yellow, pinkish and nearly colorless tints Its refrac- 
tive indices vary widely with the composition In a specimen from St 
Got hard, the indices for yellow light are a— 1 874, i 8940, 7=2 0093 
The principal recognized vaiieties aie 

Titanik, opaque or translucent with black or brown colors 

S phene, translucent, light-colored, brown or yellow 

Tiianojno) phite, white, granular alteration product of rutile or 
ilmemte 

Gteenovite, rose-red, translucent variety containing manganese. 

When heated before the lilowpipe the mineral luses to a dark glass, 
its fusing point being 1210^-1230® With beads some varieties exhibit 
the reaction for manganese and all show the colors characteristic of 
titanium All vaiieties aie sufficiently solulile in HCl to give the violet- 
colored solution when tieatcd with tin, and all are completely decom- 
posed by H2 SOi 

Sphenc is distinguished from i^tawolitc and by its crystalliza- 

tion and softness, from aletite by its gi eater hardness, from other 
similarly coloied minerals by the reaction foi titanium 

Upon decomposition' it yields cakite, magnetite, rutile and other 
oxides of titanium and ilmenite 

Synthesis — Crystals of titanite have been made by fusing S1O2 and 
T1O2 with an excess of CaCIu. 

Occurrence — S!])hene is a widely spread constituent of igneous rocks 
where it has probably formed directly by crystallization from a molten 
magma, and is in many schists and limestones that have been meta- 
morphosed In the latter cases it is of metasomatic origin It occurs 
also as implanted crystals on the walls of cracks and cavities in 
acid granular rocks, under which conditions it is pneumatolytic. 
Further, it is a common decomposition product of ilmemte and 
rutile. 

Localities — The mineral occurs so widely spread that even its prin- 
cipal localities are too numerous to mention here Particularly fine 
crystals are found at Ala and Marcel, in Piedmont, at various points 
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in the Zillerthal, Tyrol, at Zoplau, in Moi.ivia, near Tavistock and 
Tremadoc, m Wales, al Sandford, Maine, ,il \ a nous points in Lewis 
St Lawrence and Orange Counties, Now \'oik, pnncipally in lime- 
stones, at Franklin Furnace, New Jersey, also in limestone, in Iredell 
Buncombe and Ale\ander Counties, North Ciirolina, and near Egan- 
ville, Renfrew County, Ontario 
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CHAPTER XXII 

GENERAL PRINCIPLES OF BLOWPIPE ANALYSIS 

Determinative Mineralogy.— Minerals are identified by means of 
their chemical and physical properties A mineral specimen may be 
analyzed by the ordinary methods of chemistry This procedure will 
reveal its empirical composition but it will not distinguish between 
dimorphs For this other means must be relied upon, and of these the 
most convenient are those based upon physical properties 

Since chemical analysis in the ordinary way is a long and tedious 
process, requiring bulky reagents and laboratory apparatus, it is not 
applicable in the field or when rapid determinations are desired Conse- 
quently, chemical analyses are employed only when other methods of 
determining a mineral are inadequate or when the accurate composition 
of the specimen is desired 

The usual methods of determining minerals employed by mineral- 
ogists are based on their jiliysical properties and upon blowpipe tests, 
the latter being utilized to differentiate substances with nearly similar 
physical properties. 

Blowpipe Analysis. — By means of the high temperatures that may 
be secured with the aid of the blowpipe, many chemical reactions may 
be made to take place which are impossible at ordinary temperatures. 
The reagents used arc few and generally m the solid form, and conse- 
quently may be made to occupy little space Many of the reactions arc 
delicate and characteristic of the different elements and most of them 
may be made rapidly and with small quantities of material. The 
results are qualitative only, but when combined with the study of the 
physical properties of the substance tested, they are usually sufficiently 
definite to enable one to recogmze its nature In a few instances liquid 

467 



468 DETEKMINATIVK MINIOJJALOOY 

reagents must be employed to gi\ c decisive icsults, bm they aic few and 
easily obtained 

The Blowpipe —The blowpipe (Fig 26, ^), m its simplest foim, is a 
tube with a small outlet through which a cuireiil of air may lie directed 
through a flame upon a small particle of substance A puictical instru 



ment consists of a mouthpiece, a tube, an an-chamber to catch moisture 
a side tube and a tip pierced by a small hole. The tip is placed in the 
flame of a Bunsen burner, an alcohol lamp 01 some otlici source of flame 
and a current of air is blown through it by placing the mouthpiece to tlie 
lips, breathing full, and allowing the contraction of the cheeks to force 
— the air fiom the mouth Other 

forms of blowiiipe are advocited 
for siiecial j)urpose.s Freciuently 
the side tube Is curved in such a 
way that the air passing through 
it IS heated before it issue's from 
the tip and a hotter flume is pro- 
duced than is possible' with the 
simpler instrument. 

Since it is often ckcsimblc to 
have the hands free to manipulate 
the as.say, the blowpipe is some- 
times fastened to a stand and a 
blower is attached to it. I'his 

2-pIoy.d » a. .tople, ST2 rSet 

me air trom the reservoir is removed. The 



1^0 264— Bellows for Use with Blow- 
pipe If intended to be worked by 
hand the apparatus is lighter and of a 
little different shape* 
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pressure required to force the air from the reservoir is applied by the 
foot 

Source of Heat. — ^The best source of flame for general use with the 
blowpipe is the Bunsen burner supplied by ordinary gas, and furnished 
with a tip which is flattened at the upper end and cut off obliquely 
The blowpipe is supported on the upper end of this tip and pointed 
downward parallel with it Thus, the flame is blown down upon the 
assay 

Since, however, illuminating gas often contains noticeable traces of 
sulphur, for the detection of this substance it is often advisable to sub- 
stitute an alcohol lamp for the gas burner With the alcohol should be 
mi\ed a little turpentine in the proportion of one part of the latter to 
twelve of thr* former to increase the reducing power of the flame 

Supports. —The pnncipal supports used to hold the material under 
investigation — the assay — ^are charcoal, platinum, and glass Sheets of 
aluminium, plaster slabs and unglazed porcelain are also sometimes em- 
ployed, but for most purposes the first three are entirely adequate 
Charcoal. — Charcoal is used in reduction tests and in the study of 
sublimates It should have a flat surface and should be well burned 
Platinum. — ^Platinum is used principally in the form of wire and foil 
The wire should be of about the thickness of coarse horsehair ( 4 mm ), 
and should be fused into a 3-inch long glass tube to serve as a handle 
It IS employed mainly in the production of colored glasses or beads 
The foil should be thin When about to be used, it should be bent into 
a shallow cup in which matures may be fused 

Glass.— Glass is used in the form of tubes These should be of a 
hard glass about 90 mm long and 6 mm inside diameter When closed 
at one end, they serve to hold substances which are to be heated to a 
high temperature m the study of their volatile constituents Tubes 
open at both ends are employed to study the effect of roasting the assay 
in a current of air 

Other Apparatus, — Other pieces of apparatus desirable for satis- 
factory blowpipe work are A magnet, a magnifier, a pair of forceps, a 
small hammer, an anvil, a pair of cutting pincers, a piece of blue glass or 
a screen composed of strips of celluloid colored different shades of blue, 
or a hollow glass pnsm filled with indigo solution. 

Reagents. — Since blowpipe tests are made on minute quantities of 
material, it is necessary that all reagents used be as pure as possible. 
Those most frequently employed are* Bora:x, Na2B407 10H2O, microcos- 
rnic salt, or salt of phosphorus, NH4NaHP04 4H2O, fused sodium car- 
bonate, Na2C03, aetd potassium sulphate, HKSO4, mter, KNO3, cohdt 
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nitrate, Co(N03)2 6H2O, in solution, copper oxide, CuO, magnesium 
ribbon. Mg, granulated zinc, Zn, sulphuric acid, H2SO1, hydrochloric 
acid, HCl, and blue litmus and turmeric papers Other reagents are 
employed m special tests, but those mentioned above are used generally 
The Blowpipe Flame.— The blowpipe flame is used not only for 
producing a high temperature, but also to produce oxidizing and reduc- 
mg effects The oxidizing flame aids in adding oxygen to the substance 
heated and the reducing flame abstracts it 

A luminous flame, such as is produced by a candle or a Bunsen burner, 
with the airholes at the foot of the tube closed, consists of (c) an inner, 
non-lummous cone (Fig 265) containing unignitcd 
gas, (6) a luminous enx'clope surrounding this, in 
which there is paitial combustion of the gas passing 
out from the nonlummous cone, and an outer purjilish 
mantle 

Because protected from the air by the outer 
mantle, the gas in the luminous inner cone is not 
entirely consumed The available oxygen combines 
with the easily combustible hydrogen, while the carbon 
of the gas is separated in extremely fine pai tides 
These are at a high temperature and are, therefore, 
mcandescent In this condition, carbon is an active 
10 46 —Candle ^.gent, combining with o.xygen readily, ab- 

^LLe,'sho*^iLg stractmg it for this puriiose fiom any oxygen-bearing 
Three Mantles compound With which it is brought ill contatt Con- 
sequently this portion of the flame exerts a reducing 
action upon an3dhing within its sphere. In the outer mantle, there 
IS an abundance of oxygen This comliines with the carbon par- 
tides as they pass out from the luminous envdopc, forming, at first, 
carbon monoxide, CO This mutes with more oxygen forming carlion 
dioxide, CO2, and giving a blue flame. Since the temperature in this 
portion of the flame is very high and there is an abundance of oxygen 
present, substances subjected to its action are oxidized. 

The use of the blowpipe accentuates the effects of the different por- 
tions of the flame and serves to direct it upon the particle to be tested 
To produce the reduang flame (R F ), the blowpipe j’ct is placed at the 
edge of the burner flame near its base, and a gentle current of air is 
blown (Fig 266) This deflects the flame without mixing too much 
oxygen with it— and it remains luminous. Its most energetic part is 
near the end of the luminous cone (a). 

The oxidizing flame (O.F ) is produced by passing the tip of the blow- 
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pipe into the flame a short distance (Fig 267) and blowing strongly, but 
steadily A sharp-pointed, noniuminous flame results, with an inner 
blue cone The most effective oxidizing area is just beyond the tip of 
the inner blue cone 

Before .ittempting to use the blowpipe for producing oxidizing and 
reducing effects, the two flames should be practiced with until they can 
be manipulated with certainty The reducing flame is the most difficult 
to use successfully. It must be maintained unchanged for some time 
and the assay must be completely enveloped in it to secure satisfactory 
results. Otherwise, oxidation may ensue. In order to test one’s abihty 




to reduce with the blowpipe flame, a little borax should be melted in a 
small loop made at the end of a platinum wire It will form a colorless 
glass Into this should be introduced a tiny grain of some manganese 
compound If the borax with the added manganese is heated in the 
oxidizing flame, an amethyst-colored glass will result This, if heated 
in the reducing flame, will again become colorless, but the color will 
return if the assay is touched by the oxidizing flame. When the colot 
can be made to disappear and reappear at will, the proper amount oi 
skill for the manipulation of the flames will have been attained 

Use of the Closed Tube.— The closed glass tube is used to discover 
whether a substance contains water or not, to detect its volatile con- 
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stituents, and to discover the natuic of its decomposition products 
It IS also employed in the observation of certain other characteristic 
changes in a substance produced by heating it to a higli temperature 

The material to be tested is powdered and slid into the tube with the 
help of a little, narrow papei tiough, which is long enough to icach nearly 
to Its bottom The tube is then tajiped to settle the mateiial and the 
end containing the assay is heated, at fust gcntlv, latei moie vigorously, 
even to redness, either in the burner flame oi in the flame pioduced by 
the blowpipe 

Water is indicated by the condensation of little drops on the upper, 
cooler portion of the tube If the water, when tested with litmus paper, 
reacts acid, a volatile acid (H2SO4, HCl, HNOa or IIF) is indicated. If 
it reacts alkaline, ammonia has been evolved. 

The charactei of the gases evolved is best recognized by 
their color and odor 

(a) Hydrogen sulphide (H2S) is recognized by its odor It indicates a 
sulphide containing water 

{h) Nttrogen peroxide (N2O4) is recognized by its reddish brown fumes and 
its characteristic odor It indicates a nitrate or a nitrite In the case of 
HNO3, the reaction is 2HN0j=0+H2O+N/)4 

{c) Hydrofluoric acid (HF) attacks the gloss of the tube an<l etches it. 
Its presence m the assay inditateb a fluoride 

Subhmates or coatings may be deposited in the c^ooler jiortion of 
the tube 

(а) If uohite^ they may indicate ammonia salts, antimony tnoxidc, arsenic 
tnoxide or tellurium dioxide 

( б ) If gray or blacky they indicate arsenic, mercury or tellurium 

(c) If black, while hot, and reddish bnrmijWfmi told, antimony sulphide; 
and if reddish brown, while hot, and reddish yellow, when u)ld, arsenic sulphide, 

Changes of Color are very characteristic for certain substances, the 
following being of greatest importance 

(o) From to and to again on cooling: zinc oxide. 

(ft) From white to brownish red and back to yellow* lead oxide. 

{c) From white to orange-yellow and back to pale yellow when again cold: 
bismuth oxide 

(d) From red to black and red again when cold: mercuric and ferric oxides. 
The mercury oxide is volatile 

Use of the Open Tube, — ^The open tube is used when it is desired to 
treat the assay with a current of hot oxygen. It is charged in the same 
manner as the closed tube, the assay being placed about X3 mm, from 
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the end The tube is then held in the forceps over the flame, care being 
taken to incline it slightly for the purpose of producing an upward cur- 
rent of hot air By this means, the following substances are easily 
detected 

Sulphur IS detected by the chokmg odor of SO. 

Arseme yields a white volatile sublimate, which disappears upon heating 

Antimony gives white fumes which may partly condense on the cooler 
portion of the tube as a white sublimate and partly escape from its end The 
sublimate is only slightly volatile 

Mercury yields globules of mercury 

Tellurium yields a white sublimate, winch, when heated, fuses to colorless 
drops 

Selenium gives a sublimate which is white oi steel-gray near the assay 
(SeO.) and red at a greater distance (SeO. and Se) The odor of the volatile 
metal is exceedingly disagreeable If the tube is allowed to discharge through 
the flame, it will produce a blue color 

The Use of the Charcoal. — shallow depression is made near one 
end of a piece of charcoal, the powdered assay placed in this, and the 



blowpipe flame played upon it, while the charcoal is held in a tilted 
position by the left hand (Fig 268) If the assay decrepitates when 
heated, it should be moistened with a drop of water The principal 
phenomena to be noted are. Volatilization, fusibility, decrepitation, 
deflagration, odor, reduction and the production of sublimates. 

Volatilization —The substance vaporizes and disappears 

Fusibility —The substance melts entirely, or partially, in the different 
parts of the flame, some substances fusing easily and others only with great 
difficulty 

Decrepitation —The substance flies to pieces when heat is applied, indicat- 
mg decomposition or the presence of water, or included gases 
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Deflagration —The substance suddenly burns with Jittlc explosions charac- 
teristic of nitrates 

Reduction and Sublimation --'SHhoxi healed on cluicoal with the RF, 
some substances may easily be reduced to the metallic state, othcis are i educed 
with difficulty Thus, aPbO+C^Pbi-fCO. Reduction takes place most 
readily if the assay is powdered and mixed with about four times its volume of 
dry sodium carbonate (NasCOj) Thus 

2PbS+ 2Na2COi+ C- 2Na >S+ 

In cases of great difficulty, a little potassium cyanide « (kCN) or borax 
(Na 2 B 407 10 H 2 O) added to the mixture will frequently hasten the result 
In any case, the heat must be applied until nearly all the assay sinks into the 
charcoal 

When sufficiently heated, some substances yield a globule of met id, others 
are completely volatilized, others yield fumes, produced by the oxidiition of 
portions of the assay, while yet others aie partly reduced to a globule of metal 
and partly volatilized Thus, during the reduction of PbwS, sonic of the load 
may be oxidized according to the reaction 

PbS+Na^CO-,= NaiS+PliO+COi, 

and a portion of the oxide may settle on the coal When fumes arc pro- 
duced, they are deposited upon the coolci portions of the charcoal in the form 
of sublimates which possess charactcnstic properties 

Goldj silver f and copper compounds yield globules of met id without 
sublimates The metals arc separated foi cxammation by ciiUnig 
out the charcoal beneath the assay, and (Tushing I he mass with 
water m a small mortar Upon pouring off the watei, the metal 
remams as spangles, grams or powder The silver is leiogni/a'il by 
its color and by the fact that its solution in nitne aeid yields a 
white precipitate upon the addition of a drop or tw'o of hydro- 
chloric acid Copper and gold have nearly the same c'olor, Imt 
copper dissolves in nitric acid while gold is insoluble. Addition 
of an excess of ammonia to the solution of copper gives a char- 
acteristic, deep blue color 

Iron, nickel, and cobalt give gray infusible powders which are mag- 
netic, but yield no sublimates. 

Molybdenum, tungsten, and some of the rarer metals give gray powders 
that are nonmagnetic and no sublimates. 

Antimony yields copious white fumes, forming a volatile white .sub- 
limate (Sb203), which becomes black when touched with the R.F. 

^ Potassium cyanide must always be used with care, as it is a deadly poison, even 
in minute quantities 
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When touched by the tip of the 0 F , it will volatilize and color 
the flame >cllowi&h green The metallic bead, when dropped 
upon a sheet of glazed papci, breaks into a number of smaller 
ones 

Arse7itc volatilizes completely and consequently yields no globule of 
metal it gives abundant white fumes which form a white subli- 
mate and have a garlic odor The flame at the same time is 
colored blue 

Bismuth yields a reddish white, brittle globule and an orange-yellow 
sublimate which becomes lemon-yellow when cold 

Cadmium gives brown fumes in the 0 F and yields a reddish brown 
sublimate, while the flame is colored dark green 

Lead 3aelds a gray malleable bead, and incrusts the charcoal with 
a lemon-yellow sublimate near the assay The flame at the same 
time IS colored blue The yellow incrustation is composed of lead 
oxide 

Molybdenum gives a crystalline incrustation which is yellow when 
hot and white when cold When touched by the 0 F it becomes 
dark blue, and when heated for a longer time dark copper-red 
The blue incrustation may be molybdenum molybdate (M0M0O4) 
and the red one, molybdenum dioxide (M0O4) 

Selenium yields brown fumes, but the sublimate which is near the 
assay is gray When heated with the reducing flame, it disappears 
and the characteristic bad odor is evolved The flame becomes 
blue 

m 

Tellurium coats the charcoal with a white sublimate bordered by 
dark yellow The coating disappears in the R F , which acquires 
a green color 

Tin gives a white globule which is malleable and a yellowish white 
coating, turning white upon coolmg When moistened with a 
drop of Co(NO{i)2 solution and heated in the OF, its color 
changes to blue-green 

Zinc burns in the 0 F with a bluish white color and evolves thick 
white fumes which condense as a yellowish sublimate This be- 
comes white on cooling, and, when moistened with a dtop of 
cobalt nitrafe and again heated, il turns grass-green (compare 
tm) 

Other metals also give characteristic reactions on charcoal, but the 
above are the most important 
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Use of the Beads. — ^Tlic bomls aio used f<ii (he de(ee(ion of metals 
that produce diaractenstk, loloied coniixuiiids when luswl with hora\ 
or nucrocosmic salt or some olhei u*a{{eiil A piece of platinum wire 
fused into a glass rod serves as a su]'ix>rl, I'he end of the wne is bent 
into a little loop This is moistened and plungwl into powdcied bora.v, 
nucrocosmic salt or other reagent and then heated carefully until the 
adhering material is fused to a clear glass New material is added by 
dipping the loop again and again into the powdered salt and heating 
until the globules of glass are large enough to fill it (omiilclely. A tiny 
portion of the material to be tested is taken up hy heating the bead and 
pressing it while still soft upon a bit of the iHiwdered assay, which has 
been placed in a clean watch-glass. The head containing the substance 
is then heated with the O.F. and afterward with the R.F , and the jihe- 
nomena resulting are carefully ohscrewl If the reduction is difliiult, a 
little stannous ovide or chloride will hasten it If the heail hmrnics 
opaque because saturated with the as.say, a portion is ji'ikivi off while it 
IS hot and it is built up again by the addition of more of the leagenl 

In some cases, compounds other than the oxides do not yield the 
characteristic beads of the metallic oxides Themfoie, it is wifer in all 
cases when testing by the licad reaction, to first toast the sulistaiue by 
gently heating on charcoal with the O.F. to (hive off its volatile constit- 
uents 

The colors of the most characteristic heiuls of metallic oKuIes arc 
tabidated below. 


COLORS OP BORAX BRADS 


Oxidizing Plamf. 


KI'IKHINU PttAMK 

Hot 

Cold 


Hot 


Ydlow or red 

Blue 

Green 

Grass-green 

Blue 

Blue 

Chrumium 

Cobalt 

Copper 

Green 

liluo 

i'oioiless 

KmcruUl-greun 

Blue 

Kodtlish brown, 

Colorless 

Yellow or red 

Colorless 

Colorless or 
yellow 

Reddish violet 
ColorlesB to 
opalescent 
Reddish brown 
Colorless 

Colorless 

Didytmum 

Iron 

Rose 

Bottle-green 

fiimauo 

Ktmr 

Palo bottle-green 

Violet ^ 

Yellow or red 

Violet 

Colorless 

Colorless or yel- 
low 

Colorless or yel- 
low 

Manganese 

Mol:^dQuuin 

Nickel 

Columbium 

lUtanium 

Cotr^rless 

Brown 

Gray 

Colorless nr gray 
Yellow ur brtjwn 

{V»lorlt*BS 

Opmtue brown 

Gray 

Colorless nr gray 
Yellftw or brown 

Colorless 

Tungsten 

Yellow 

Yellow br«»wn 

Yellow or rod 

Yellow 

Colorless or yel- 
low 

Green-yellow, or 
nearly colorless 

Uranium 

Vanadium 

Pule Kreon 

nrownish green 

Pale gri*Mi lf» 
nearW cidtirless 
Bmerubl meen 
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COLORS OF MICROrOSMIC SALl BR\DS 


OXIDI/INI Fl VMI 


Reduc!n< Flame 

Hot 

Cold 


Hot 

Cold 

Reddish green 

Emerald-green 

Chromium 

Reddish green 

Emerald-green 

Blue 

Blue 

Cobalt 

Blue 

Blue 

Crreen 

Blue 

Copper 

Dirty green 

Green, or opaque 
red 

Blue 

Colorless 

t ulorless 

Didymium 

Colorless 

Yellow or red 

Colorlesb, yellow 

Iron 

Yellow or red 

Nearly colorless 


or brown 



Violet 

Violet 

Manganese 

Colorless 

Colorless 

Green 

Faint yellowish 

Molybdenum 

Dirty green 

Green 

Reddish to brown 

Yellowish to red- 

Nickel 

Reddish 

Yellowish to red- 


dish 



dish yellow 

Colorless 

Colorlest. 

Columbium 

Blue or brown 

Blue or brown 

Skeleton 

Skeleton 

Silica 

Skeleton 

Skeleton 

Colorless 

Colorless 

Titanium 

Yellow 

Violet 

Colorless 

Colorless 

Tungsten 

Dirty green-blue 

Blue 

Yellow 

Yellow-green 

Uranium 

Dirty green 

Bright green 


to colorless 


Dark yellow 

Light yellow to 
colorless 

Vanadium 

Brownish green 

Emerald-green 


Cobalt IS the only metal which produces the same colored bead under 
all conditions This is a beautiful blue Other oxides give blue beads 
under some one or more conditions, but under other conditions their 
beads have other colors 

The cold bead of chromium oxide is always green and the oxidized 
bead of manganese is always violet 

Flame Coloration. — Many substances impart a distinct color to the 
nonluminous flame of the burner or the blowpipe Frequently, these 
colors are best seen after the substance in powdered form has been 
moistened with hydrochloric acid, as the chlondes are usually more 
volatile than other compounds In the case of silicates, it is often ad- 
visable to mix the powdered assay with an equal volume of powdered 
gypsum In testing for flame coloration a very small particle of the 
substance, or its moistened powder, or of the mixture of the substance 
and gypsum is held m the flame by the aid of the platinum loop which 
has been cleaned by dipping mto HCl, and heated repeatedly until it 
no longer colors the flame 

When several different flame-coloring elements are present in the 
assay, the stronger color may mask the fainter one, and, therefore, some 
means must be made use of to shut off the brighter color, while allowing 
the fainter one to persist This is usually accomplished by viewing 
the flame through some medium (a screen) that is transparent to the 
faint rays and opaque to the brighter ones In other cases, two flames 
which are really different in color appear of nearly the same tint to the 
unaided eye. In this case, the screen is again used to cut off certain 
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rays that are common to the two colors, when the remuininc; rays may 
be different enough to he distinguishable 'I'he si u'ens most trcqucntly 
used for this purpose are pieces of loloied glass, whiih aie held close to 
the eye Red glass absoibs all but led lays Hlui' glass slops certain 
red and green rays and all the yellow ones (beat difficulty is some- 
times experienced in securing glass exhibiting pure lolois, so that in 
most cases it is more convenient to use lrans])arenl celluloid films that 
have been manufactured expressly for the examination of coloied llames 
These films are given the tints that are most useful for the purpose 
desired Care must be taken in using them, however, since celluloid 
IS highly inflammable 

For more accurate work the spc'ctroscope is often employed. The 
use of this instrument depends upon the fact that euth substance, when 
in the form of gas, emits light compo.scd of one or nioie lays of delimte 
wavelengths, and the spectroscojic separates these so that each may 
be identified. The most convenient instrument for blowpipe work is 
the Browning direct vision pocket spectio.siopt>, but sime the con- 
stituents of all common minerals can be reiogni/.cxl without the aid of 
the spectroscope there is no need for further rcfei ence to it. 

The most characteristic colors imparted to the blowpipe llame are 

Red by lithium, strontium, and calcium, .Sodium salts obscure the 
hthium flame and barium salts the strontium and c.ilciuin llames 

Ydlow by sodium. 

Green by most copper compounds, thallium, barium, aiilinumy, phosphoric 
aad, bone acid, molybdic acid, and nitric acid. The llame of phostihoric 
aad is bluish green, the flames of boric acid and barium are yellow gieen, and 
those of molybdic acid and antimony are very faint. 'I'he copper and thallium 
flames axe vivid greens. 'I'he nitric acid flame coloration i.s bron/c green luicl 
exists as a flash only 

Blue by copper chlonde, copper bromide, selenium, arsenic and lead 
The arsemc flame is famt. The. selenium and the cojirier chloride tlunieb are 
bnUiant azure-blue 

Fjoief by potassium, ciesium and rubidium. Sodium and lithium salts 
obscure the reaction 

Detection of Certain Elements in the Presence of Others.~In 
many cases, as has been stated, the color imparted to the flume by one 
substance entirely obscures that given it by another when the two are 
present in the same compound. 'Thus, the faint violet color of the 
potassium flame is obscured by the strong yellow of sodium and the 
brilliant red of lithium. When this is the case, the light is viewed 
through the proper screens and the different rays in this manner are 
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differentiated Since the flame tests afford the readiest means of detect- 
ing the alkalies and alkaline earths, considerable attention has been 
devoted to means of differentiating their flame colors Among the 
methods proposed for this purpose is that based upon the use of blue and 
green glass screens 

Detection of the Alkalies and the Alkaline Earths.-— The potas- 
sium flame is reddish violet through blue glass, while the sodium flame is 
invisible or is blue, hence, the potassium flame is detected in the pres- 
ence of sodium by viewing the mixed flame through a blue scieen 
Lithium IS also detected m the presence of sodium with the aid of blue 
glass, since the lithium flame is violet-red when viewed through a blue 
screen Since the flame colors of Li and K are so nearly alike when 
viewed through a blue screen, they cannot easily be distinguished 
When viewed through a green screen, however, the Li flame is nearly 
invisible, while that of K is bluish green Through the green screen the 
Na flame appears orange 

If search is to be made for the alkaline earths, the assay is repeatedly 
moistened with sulphuric acid and placed in the hottest portion of the 
flame After the alkalies are driven off, the flame will become yellowish 
green, if barium is present, through green glass it will appear bluish 
green The assay is then repeatedly moistened with pure hydrochloric 
acid and again brought, while still moist, into the hottest portion of the 
flame A red coloration, appearing after the yellowish green barium 
flame has disappeared, indicates calcium or strontium or both Through 
green glass the calcium flame appears green and the strontium flame 
faint yellow foi an instant Through blue glass calcium gives a faint 
greenish gray and strontium a puiple or rose color 

The phenomena exhibited by the alkalies and alkaline earths may be 
summarized as follows* 



Flame Color 

Through Blue Glass 

Through Green Glass 

Potassium 

Violet 

Reddish violet 

Bluish green 

Sodium 

Yellow 

Blue to invisible 

Orange-yellow 

Lithium 

Carmine 

Violet-red 

Invisible 

Barium 

Yellow-green 


Bluish green 

Calcium 

Yellow-red 

Green-gray 

Green 

Strontium 

Scarlet 

Purple 

Faint yellow 


The detection of the alkalies in silicates is accomplished by fusing 
the powdered assay on platinum wire with a little pure gypsum If the 
alkaline earths are sought for, the assay is fused with sodium carbonate 
on platinum wire, or better, on a piece of platinum foil The fused mass 
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IS then extracted with water and the lesiclue tioated willi hydiochlonc 
acid Silica will he preci[Htalc‘d, leaving in the solution a mixture 
of sodium chloiide and the chloiides of the alkaline eaiths Tlu" solu- 
tion IS then tested m the flame with the aid ol .i cleiin jilalmum wire 

The Copper Test.— An almost ceitain lest lortojipei and loi chlorine 
is affoided by the dilTerencc in the coloi iinpailed to the (lame by copper 
chloride and most other coppei salts Seveial suhstam es besides copper 
give green flames, but in the case ol coppei alone the loloi ol tlic flame 
IS changed to sky blue by touching the assiy with lU'i, oi a chloiide. 

Special Tests.— A few tests with special reagents arc so charac- 
teristic for certain elements (hat they an> spi'cilic: 

Tests with NaaCO.!. — (i) Wlien .i jiowdeietl substance containing S 
IS fused with four times its volume ol ilry Na.>l'().i and he.ited intensely 
for some time on charcoal, the residue, when placed on a siKn com and 
moistened with water or hydroehlot ic aci<l, will yield a blaek or brown 
stain. This reaction is due to the jiroduction of N.iaS(HaS()i f NaaCOs 
-(-Ca^NaaSd-BaCOa-l-aCOa), which issoluhle. Thesolution containing 
the sulphide reacts with the silver, ]>ro<lucing insolulile AgjS, which is 
brown or black Thus; Na2S4-Agi.H-naO-h()~AgBS-l-aNaOn. Sul- 
phides and sulphates are distmguisheil by roasting the compound on 
chaicoal without NaaCO.) Sul]»hidc‘s yield tlie sulphur-dioxide odor. 

(2) Manganese and ihumiiton lompounils, fused with Naa(l().{ 
(especially when a little niter is added), vleld lolored masses —the 
manganese tomjiound a bright green mass (N.iaMnOi) .ind the chro- 
mium compounds a bright yellow mass (NaaC’rOi). In the case of 
the manganatc, the reaction may be 

Mn02+Na2C03-t-0=NaaMnOi-bC08. 

(3) Sodium carbonate may also be cmjiloyed for deiomfHmng iilitaki 
and detecting siliac acids If a silicate is fusetl with 4 or 5 times its 
volume of Na2C03 on charcoal, it will lireak uj), the silica combining 
with soda to form sodium silicate, thus: 

(Zn0H)2Si03+ aNaaCOa = 2ZnO+Na4Siai+ aCOad- UsO. 

Upon treatment with acid, H4Si04 is produced (NuiSiOi -t-4fIC'l » 4NaCl 
-fHiSiOi). This appears as a gelatinous precijiitate in the solution; 
but upon evaporating to dryness, moistening with stmng acid, and again 
evaporating to dryness, the EUSiOt is broken tbwn into 2II2O and SiOa, 
the latter of which is msoluble, and can be filtered off, leaving the buses 
in the filtrate 

Tests with the Cobalt Solution. — Certain metallic oxides, when 
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moistened with a few drops of a solution of crystallized cobalt nitrate 
dissolved in ten parts of water, and heated, yield distinctive colors that 
may often serve as aids in their detection The assay is powdered, 
moistened with a drop of the cobalt solution, and placed on charcoal 
and heated intensely Compounds containing alumina yield a mass of a 
blue color, without luster A few other substances may also give blue 
masses, but the materials are fused and, consequently, show a glassy 
luster Magnesium compounds give a pink color 

In testing for other substances, it is necessary first to obtain their 
oxides This is done by roasting on charcoal until a distinct subli- 
mate IS produced This sublimate is moistened with a drop of the 
solution and heated gently by the O F Under these conditions, the 
white zinc sublimate (ZnO) changes to a bright yellowish green and tin 
oxide (Sn02) to a bluish green 

Tests with Acid Potassium Sulphate. — ^Hydrogen potassium sul- 
phate (HKSO4) when fused with a powdered substance m a closed tube, 
may cause the evolution of gases For example 

2HE:S04+CaF2 = K 2 S 04 +CaS 04 + 2 HF, 
which in many cases may easily be recognized 

Nitrites and nitrates yield reddish brown fumes (NiOd) with the character- 
istic odor of nitiogcn peroxide 

Chloi ales yield a yellowish green explosive gas (CIO2) 

Iodides yield a violet gas, which colors blue a papei soaked in starch paste, 
when a little MnOa is added to the UKSO4 

Bromides yield a reddish blown gas (Br), turning staich paste yellow, 
when MnOj is mixed with the HKSOi 

Chlorides yield hydrochloric aud (HCl), recognized by its odor and the 
voluminous white fumes it forms with ammonia 

Sulphides yield hydrogen sulphide (HjS) with its characteristic odor This 
gas blackens paper moistened with lead acetate 

Fluoiides yield hydrofiuoiic acid (III) gas, which has a pungent odor and 
etches glass The etching is due to the reaction between the S1O2 of the glass 
and the HF Thus, Si02+4HFs=SiF4+2H.>0 The S1F4 is volatile and is 
diiven up the tube, leaving tiny pits from which the SiOj was taken This 
reaction is best seen by heating the assay with four times its volume of the 
reagent and then cleaning and drying the tube 

The reaction is more delicate if the finely powdered assay is mixed with 
microcosmic salt and heated m an open tube When the salt is heated, it 
breaks up, yielding NarO, (thus HNa(NH4)P04 4H20=:NaP08+NHj+sH80) 
which reacts with the fluoride as follows 

CaFa+NaPOj+HsO- CaNaP04+2HF 
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By Reduction with Metallic Zinc and Hydrochloric Acid certain 
metallic salts yield colored solulions viliich are characteristic. The 
substance to be tested (if not soluble in IK^'l) is powdered and mued 
thoroughly with sodium c.iibonate and nitei, and the mass is slightly 
moistened and plated in a little spiial at the end of a line platinum wire 
After fusion, it is dissolved in a little water, a lew (hops of hydrochlonc 
acid are added and a strip of zinc or tin, or a few grains of the metal, are 
then placed in the solution 'Fhc hydiogen, evolved by the contact of 
the metal and the acid, leduces the oxides and the solution Iiccomes 
colored The most impoitant elements detectable by this method are: 

Molybdenum, winch gives a blue, then gtoen, and linally a blackish brown 
solution 

Tungsten, a blue, then blown or copper*red solution 

Vanadium, a blue, green or violet solut lou. 

Columbium, a blue solution which lost's its color on addition of water. 

Chromium, a green solution 

Tiiamum, a violet solution. 

In the case of titanium the reac tions are. 

TiOi+3Na.('(),--N.uTin, \ .’COj; 

NaJA+JlIK'l - Tide 1 .iXat'l 1 4 niO, 

TiChlH TiCbini’l. 

The TiCls produces the violet solution. 

Magnesium ribbon is geneuiily I'luployed as an aid in the detection 
of phosphoius The powdered a.s.say is placed in the bottom of a closed 
glass tube with a piece of magnesium ribbon about 5 mm long, so that 
the powder is in close contact with the metal. This is then hc'uted In- 
tensely until partial fusion ensues. 'I'he completion of the reaction is 
known by the formation of a brown or black glass, which is the phos- 
phide of magnesium. Ui>on crushing the tube and moistening its con- 
tents with water the characteristic odor of phosphine is perceived (the 
odor of wet phosphorus matches). 

Hydrochloric add furnishes the readiest test for carbonates. If the 
powdered substance is heated gently with dilute acid in a test lube, a 
brisk effervescence will result if it contains the carbonic acid radical. 
Sometimes the effervescence can be detected by holding the mouth of 
the test tube to the ear, even when the escape of gas cannot be seen. 
The gas (CO2) is colorless, and whim allowed to bubble through lime 
water will cause turbidity. 
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CHARACTERISTIC RE VCTIONS OF THE MORE IMPORTANT ELEMENTS 
AND ACID RADICALS 

Aluminium (p 481) — Fusible minerals cannot be satisfactorily 
tested for A 1 by the method using Co(N03)2, since cobalt imparts a 
blue color to all glasses 

Since zinc silicates yield the same color reaction with Co(N03)2 as 
do infusible aluminium compounds, the presence of aluminium m sihcates 
cannot be assured unless the absence of zinc is proven 

Antimony (pp 472, 473, 474, 478) —In the presence of lead or bis- 
muth, the assay is heated on charcoal with fused boric acid, which dis- 
solves the lead and bismuth oxides, while the antimony oxide coats the 
charcoal 

When antimony and lead are present in the same compound, the anti- 
mony oxide forms a white incrustation surrounding a dark orange-yellow 
mcrustation of lead antimonate 

Arsenic (pp. 472, 473, 475, 478).— Arsemc in arsenates and arsen- 
ites may usually be detected by heating the powdcied assay with six 
times its volume of a mixture of equal parts of Na2C03 and KCN (or 
powdered charcoal) in a dry closed glass tube, when an arsemc mirror 
will form on the cold part of the tube This may be further tested by 
breabng off the end of the tube and heating the mirror m the burner 
flame The escaping fumes will have the characteristic garlic odor. If 
allowed to pass through the flame, they will tinge it violet. 

If there is doubt as to whether a white sublimate on charcoal con- 
tains arsenic, or if it is desired to test for arsenic in the presence of anti- 
mony, a httle of the coating which is farthest away from the assay may 
be scraped from the surface of the charcoal and placed in a narrow glass 
tube and heated If arsemc oxide is present in the coatmg, the arsenic 
mirror will form on the walls of the cooler part of the tube. 

Barium (pp 478, 479).— Before applying the flame test for banum, 
silicates should first be fused with four parts of dry Na2C03 and charcoal 
in a loop of platinum wire, crushed, placed in a test tube, treated with a 
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few cc of dilute HNOi and cwipoiated to di j'licss After looling, warm 
with a very little HCl, then add about to ci of watt'i and liltor off the 
insoluble silica. To the filtrate add a few drops of IfuSOi, collect the 
precipitate on a small filter, and test with the flame (see also under 
Cdctum). 

Bismuth (pp 472, 475) — A vciy i hai.it tenstic lest is I he following: 
The powdered sub.stancc is niKetl with twite its volume of a inivturc 
composed of equal part.s of K1 and floweis of sulpluii. .iiid healed in the 
RF on charcoal If Bi is ])resenl, a biick-rtsl iodide of bismuth will 
form a coating at some little distance from the ass.iy. 'Phis test servas 
to distinguish between Pb and Bi, liolh of whit h yieltl yi'lltnv ovidc 
coatings when tested on charctial 

Boron (p 478) — To obtain the green flame in the ca.st* tif most com- 
pounds containing boron, it is usually suflli lent to moisten the line pow- 
der with a drop of strong snljihuric acid anti introduce a small tpiantily 
mto the flame on a platinum wire The llame will be eolortsl green, 
but only for a moment. Mtirt* resistant eomiKitiiuls, like the silitates, 
must be fused with a Iluv composed of one i»arl of powtlens! lUiorsiiar 
and four parts of KHSOi before the green ttilorulion ttin be obtained. 
The HF generated decomposes the silieule anil sets free the lairon. 

In the presence of copiier coniptiumLs t»r phosphutts, which also give 
green flames, the finely powdered a.ssay is moistenetl on platinum foil 
with sulphuric aad. The excess of acid is then removed by heating, and 
the powder mixed into a iKiste with glycerine and a little stuliiim car- 
bonate When heated in the flame, the sodium w’ill mask 1 he green color 
due to the copper and phosphorus, but not that prtKiucetl liy {atron. 

If boron compounds are fused with NasCOi and then trt'atefi with 
dilute HCl, a drop of the resulting solution will cause turnierie jsipcr to 
turn reddish brown after being tiriod at 100®. If moistened with am- 
monia, the color changes to lilack. 

Bromine (pp. 478, 481) — vSolutlons of bromitics in water or HNO» 
(after fusion with NagCOs if insoluble otherwise) will yield with a dro[> 
or two of silver nitrate solution a yellowish precipitate of AgHr, which Is 
soluble in ammonia If this precipitate is mixed with lliaSa and heated 
in a closed tube, a yellomsh sublimate of BiBia will result. (Comiiare 
CMorine and Iodine.) 

Cadmium 47 S> 478).— Wfhen present with Pb or Zn, it is often 
difficult to recognize the cadmium coating on charcoal. In this case, the 
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coating may be scraped from the coal and heated very gently in the 
closed tube A yellow sublimate of cadmium oxide will form just 
above the assay On further heating, this will be masked by the zinc 
and lead oxides 

Calcium (pp 478, 479) — Calcium in silicates and other insoluble 
compounds may be detected by the same method as that used for the 
detection of barium The precipitate of CaSO^, however, is dissolved 
i^hen heated with a large volume of water 

Carbonates.—See p 482 

Chlorme (pp 480, 481) — Chloride solutions, when treated with 
AgNOa, yield a white precipitate of AgCl, soluble in ammonia When 
exposed to the light, it darkens If mixed with B12S3 and heated m a 
closed tube, a white sublimate of B1CI3 is formed (Compare Bromtne 
and lodtne ) 

Chromium (pp 476, 477, 480, 482) — In the presence of large 
quantities of Fe, Cu, etc , the powdeied assay (if not a silicate) is mixed 
with double its volume of equal parts of NaaCOs and KNO3 and fused 
on a platinum spiral m the 0 F , when an alkaline chromate will be 
foimed This, dissolved in water and boiled with an excess of acetic 
acid yields a solution which gives a yellow precipitate of PbCr04 with a 
few drops of lead acetate 

Silicates containing small quantities of chromium and large quanti- 
ties of copper and iron should first be fused on charcoal with a mixture 
of one part of sodium carbonate and a half part of borax The clear 
glass thus produced is dissolved in hydrochloric acid and the solution 
evaporated to dryness This is then treated with water, filtered, and 
the filtrate boiled with a few drops of mtric acid to oxidize the iron By 
the addition of ammonia, the chromic and other oxides are precipitated 
The precipitate is collected on a filter, washed, and treated as above, or 
tested with the borax bead 

Cobalt (pp 474, 476, 477) — For the detection of cobalt in the pres- 
ence of iron or nickel, see under those metals 

Columbium (pp 476, 477, 4S2) —When a compound containing 
columbmm is fused with five parts of borax on platinum foil, dissolved 
in concentrated HCl and diluted with a little water, the solution be- 
comes blue when boiled with granulated tin. The color does not 
change to brown on continued boiling It disappears, however, when 
diluted with water. If titanium is present in the same solution the 
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color will be first violet, then blue Tunjfblen, whith j-iws a blue solu- 
tion under the same conditions, can be distinguishwl fiom < olumbiuni by 
the bead lest If the solution is boiled viilli /me, insteail ol tin, its 
coloi chanRcs raiiidh from blue to brown 

Or the finely powdered substance inav be lused m a test lube or 
crucible with ten paits KIISOi, and then digested w ilh colil water for a 
long time If columbium is present, an insolulde white lesidue will be 
left This, if collected on a filtei, washed, and then tieated m a test 
tube with hot concentrated HCl, will yield the blue solution when boiled 
with granulated tin. 

Copper (pp 474, 476, 477, 47^. 4601 \ veiv deln.ite test foi 

soluble coppei comiiounds is to dissolve 1 hem in IK'l 01 11 NOa, dilute 
with water and add ammonia m cmcss .A deep pin pie-blue solution 
of CuCl2-6NH3 or Cu(NO;i)j will lesult 

Fluonne (pp. 472, 481I --If the mineiiil to lie tested is .i silicate, its 
powder is mi\cd with four parts of fused mii loiosmu s,ilt and this mi\- 
ture IS heated in a closed tulie If fluorine is pieseiit, the gi.iss .ihove the 
assay will he etched by the IIF {iroduc'csl At the sinie time, a ling of 
S1O2 is deposited m the cool portion of tlie tulio m consecpieiue of the 
reaction 

3SiFi+2H20*2ll2SiF,, I S1O2 

Upon heating, the ring moves uji the tube to luooler portion. 

Gold (p 474).— The metal is best delected bv lieatnient with 
aqua regia of the metallic bead, prwlueed by fusion with Naat'O.) on 
charcoal This yields a light yellow solution, which, when taken up on u 
filter paper and moistened with stannous ehloriile, gives the " purple of 
Cassius.” 

Or, if the mineral is to be tested for free gold, It is powdered and 
treated with aqua regia and the solution diluted and lilterwl The fil- 
trate is evaporated nearly to dryness, diluted with water and a few drops 
of a solution of ferrous sulphate are added. If gold is presiml in small 
quantity only, the solution will be colored bluish or purple. If the gold 
is present m larger quantity, the metal will be precipitated as a brown 
powder. 

Free gold may also be detected by powdering the substance until all 
will pass through a fine sieve. Brush the material adhering to I he sieve 
and add to the powder. Then place in a basin containing a lit lie mer- 
cury (I cc ), and immerse the basin and its contents in water. Shake 
the basin gently with a rocking motion and gradually allow the rock 
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powder to escape The gold will fall lo the bottom and amalgamate 
with the mercury After the mass has been reduced to a small volume, 
transfer to a mortar and grind in a gentle stream of water, until nothing 
but the amalgam is left Then place m an iron spoon and heat in the 
open air until all the mercury is driven off, or the amalgam may be 
placed in a shallow cavity on charcoal and heated with a small blowpipe 
flame until all the merpiry volatilizes The residual gold may be col- 
lected into a globule by placing a little borax or sodium carbonate in 
the cavity and heating until quiet fusion takes place 

When dnmng of the mercury from the amalgam extreme care must be 
taken not to heathe its fumes, stnee they are poisonous. The operation 
should not be performed in a closed room 

Iodine (p 481) — Substances containing iodine, when fused in a 
glass tube with KHSO 4 and Mn02, 3 neld a vapor which is recognized 
as that of iodine by its violet color 

In the presence of other halogens, iodine may be detected by mixing 
the powdered substance with B 12 S 3 (prepared by fusing together small 
quantities of bismuth and sulphur) and heating in a closed tube or on 
charcoal before the blowpipe. If iodine is present, a red sublimate of 
bismuth iodide is produced (Compare Chlorine and Bromine ) 

Iron (pp 472, 474, 476, 477) — ^To distinguish ferrous and ferric 
conditions, the assay is added to a borax bead containing copper If 
the iron is in the ferric condition, the bead will be bluish green, if in 
the ferrous condition, it will contain red streaks of cuprous oxide. 

In the presence of easily fusible metals like lead, tin, zinc, etc , the 
substance is heated on charcoal with borax in the R F The easily 
reducible metals do not become oxidized and, consequently, are not 
absorbed by the glass The glass is separated from the metallic bead, 
and IS heated on a fresh piece of charcoal in the R F , when it acquires 
the characteristic bottle-green color produced by iron, and becomes 
vitriol-green on addition of tm 

In the presence of cobalt, the blue color of the cobalt bead masks the 
green of the iron bead In this case, iron is detected by heating the blue 
glass on platinum wire in the 0 F. sufl&ciently long to convert all the 
iron into peroxide. With very little iron present, the bead is green when 
hot, and blue when cold, with more iron the bead is dark green when 
hot, and pure green when cold, this latter color resulting from a mixture 
of the yellow’ iron and the blue cobalt colors 

Manganese colors the borax bead in the 0 F red Upon reduction 
with tm on charcoal, the bead becomes bottle-green, If cobalt also is 
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present, the bead produced m the OF is dailv violet Tii the R F it 
becomes green when hot and blue when cold 

Lead (pp 472, 475, 478,) — The coating of lead o\idc icscmbics very 
closely that of bismuth The two may be distinguished l)y the pro- 
cedure desenbed under bismuth The iodide of lead is lemon-yellow. 

Li thium (pp 478, 479) — In the case of silicates, l)el()ic testing for 
flame coloration, it is advisable to mi\ the powdei of the assay with one 
part of fluorspar and one and a half parts of KHSOi and foi m into ])aste 
with a drop of water If boron is present, the flame is at Inst green, 
then red The presence of phosphoric acid is shown by the production 
of a green flame together with the red one This is especially noticeable 
after moistemng the assay with sulphuric acid 

Magnesium (p 481) —The Co(N03)2 test for magnesium is applicar 
ble only to white or colorless minerals and is by no means conclusive. 
The most satisfactory test is that employed generally in oidinary quali- 
tative analysis, viz, precipitatioh with the aid of sodium phosphate* 
(Na3P04) The powdered mineral, if ^soluble in acids, is fused with 
NasCOs, powdered, dissolved in a few cc of dilute HNO3 and evapo- 
rated to dryness It is then dissolved m 2 or 3 cc, HCI and warmed for 
a few minutes There is next added about 10 cc. of w«itcr and the solu- 
tion IS boiled and filtered to remove silica. The filtrate is heated to 
boiling and NH4OH is added m slight excess to pxccipitate iron and 
aluminium. This is now filtered and the filtrate is Iioilcd tigain, and to 
it is added some ammonium oxalate ((NH4)2C204) to separate calcium. 
After ten or fifteen minutes, the calcium oxalate is removed by several 
filtrations until the filtrate is clear To the filtrate a solution of sodium 
phosphate and strong ammonia are added. If magnesium is present 
after standing for some time, a fine white crystalline precipitate of 
NH4MgP04 6H2O will form 

Manganese (pp. 477, 480) — Manganese compounds soluble in 
HNO3 are readily detected by oxidation with persulphales. "J'he pro- 
cedure IS to dissolve in a few cc of moderately dilute HNO3 (sp. gr. 

I 2), add about one-half its volume of dilute solution of AgNO:t and a 
few drops of ammonium persulphate (200 gr (NH4)2S20 h to one liter of 
water) and gently heat The manganese will be oxidized to perman- 
ganic acid, which is purple The reaction is 

2Mn(N03)2+ 5(NH4)2S208+8H20 

== 5 (NH4)2S04+ SH2SO4+4HNO3+ 2HMn04. 
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Compounds that are insoluble in HNO 3 must first be fused with Na2C03 
on charcoal 

Mercury (pp 472, 473) — In the presence of sulphur, chlorine, iodine 
and a few acids, the assay is best heated with dry Na2C03 in a closed 
glass tube The acid combines with the Na and the Hg sublimes. 

Molybdenum (pp 474, 475, 477, 478, 482) —The white coating of 
M 0 O 3 on charcoal, if touched with the R F , is partly reduced, be- 
coming blue If heated by the O F , some of it volatilizes, but some 
is reduced by the charcoal, forming a copper-red coating 

Small quantities of molybdenum are detected by treating the pow- 
dered assay with a little strong sulphuric acid on a platinum foil After 
heating until most of the acid is evapoiated, and then cooling, the result- 
ing mass becomes blue, particularly after being repeatedly breathed 
upon, or after being moistened with alcohol and dried by heating 

Nickel (pp 474,476,477) — In the presence of Co, the color of the Ni 
borax bead is often masked In such cases, a small portion of the mineral 
IS fused in the R F to a globule A fragment of borax twice the size 
of the globule is placed beside it on charcoal and the two are heated by 
the 0 F The two globules will roll around under the flame in contact, 
but will remain quite distinct, any cobalt will be oxidized by the 0 F 
and be absorbed by the borax, which will become blue If the mineral 
IS placed upon a clean part of the coal and the treatment is continued 
with fresh portions of borax until all the cobalt has been oxidized and 
the borax no longer becomes blue, the nickel present will impart its 
characteristic violet and reddish brown color to the borax ” (Phillips ) 

Nickel IS best detected by ti eating its solution with dimethyl gly- 
oxime ((CHj)oC 2(NOH)2) The assay is dissolved in acid, after fusion 
with Na2C03, if necessary, and the solution is neutralized with (NH4)OH 
Add one-half volume of dimethyl glyoxime solution, made by dissolving 
one part of the compound in 100 pts of a 40 per cent alcohol, and again 
add a little (NH4)0H to neutralize A bright red crystalline precipitate 
will form if nickel is present, according to the leaction. 

NlCl2+2(CH3)2C2(NOH)2 
= (CH3)2C2(N0H)2 (CH3)2C2(NO)2Ni+2Ha 

Nitnc Acid (pp. 472, 478, 481).— Nitric acid is best detected by dis- 
solving the assay in dilute (i : i) H 2 SO 4 , coohng and adding to the solu- 
tion in a test tube a few drops of a strong solution of FeS04 in water, 
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holding the tube slanting and allowing the FeS04 to trickle quietly down 
Its side and form a layer upon the acid solution If nitrates are present, 
a brown ring will form at the contact of the two solutions 

Oxygen, m some of the higher oxides, may be detected by the liber- 
ation of chlorine when they are treated w ith HCl This is particularly 
the case with the higher oxides of manganese, thus 

Mn02+4HCl-MnCl2+2H20+2CL 

The chlorine is recognized by its color, its odor and its bleaching 
action 

Phosphoric Acid (pp 478, 482) — In the test with inagncsuim ribbon, 
it is best to fuse the phosphates of A 1 and the heavy metals with two 
parts of Na2C03 on charcoal, to remove and grind the fused mass, and 
then to Ignite the powder with magnesium ribbon in a closed glass tube 
(Brush and Penfield) 

If a small crystal of ammonium molybdate (NHOiMoOi lie placed 
on a phosphate and a little dilute HNO3 be dropped iiiion it, the crystal 
will turn yellow in consequence of the production of ammonium phos- 
phomolybdate ii(Mo03) (NH4)3P04 6H2O This test is available 
only for compounds that are soluble in HNO3 

If the mineral is insoluble in HNO3, it must first be fused with sodium 
carbonate on platinum wire The bead is then dissolved in nitric acid 
and the solution when cold is added drop by drop to a little of an ammo- 
mum molybdate solution and allowed to stand without warming. If 
the assay contained the phosphoric acid radical, a yellow phospho* 
molybdate will be formed. 

Potassium. — See pp 478 and 479 

Selenium (pp 473,475,478) — Selenates and sclemtes must be reduced 
with sodium carbonate on charcoal before the peculiar odor is evolved. 

Silicon (pp 477, 480) —Small splinters of silicates yield an infusible 
skeleton of silica when heated in a bead of microcosmic salt. This floats 
around m the liquid bead as a particle with the shape of the original 
splinter, or as a transparent flake In some cases the original splinter 
remains undecomposed 

Many silicates decompose in strong HNO4 or HCl with the produc- 
tion of a gelatinous mass of silicic acid If the solution containing the 
gelatinous silica is evaporated to dryness, the sihca becomes insoluble 
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and remains as a residue when the mass is warmed with a little strong 
acid and digested with water 

In case of insoluble silicates it is necessary to fuse with Na2C03 
before proceeding with the test The fusion results in the production 
of a sodium silicate which is soluble in acids The gelatinous precip- 
itate will appear only after the acid solution of the fused mass is evap- 
orated 

saver.— Seep 474 

Sodium — Seepp 478 and 479 

Strontium (pp 478, 479) — ^In the case of insoluble compounds 
treat as in the test for Ba If both Ba and Sr are present in the final pie- 
cipitate, the flame will first be crimson Upon repeated moistening 
with HCl and heating, the Si will gradually disappeai and the green 
color of the Ba flame will be seen 

Sulphur (pp 472, 473, 480, 481) — ^If a substance containing sulphur 
IS heated with NaoCOa on charcoal m the R F and the fused mass is 
transferred to a watch glass and moistened with water, the addition of 
a little dilute solution of ammonium molybdate, to which HCl has 
been added, will pioduce a blue color 

Sulphides arc distinguished fiom most sulphates (except those con- 
taining water or the OH group) by heating in the 0 F The suliihidcs 
yield an odoi of SO2 The sulphates yield no odor Anothci means of 
distinguishing between these two classes of compounds is as follows 
The finely pow^dcied substance is fused with caustic potash (KOH) in u 
platinum spoon, or on a piece of platinum foil The spoon or foil with 
its contents is thrown into water containing a strip of silvei If the 
silver remains quite white, the S is present as sulphate, if the silver 
becomes black, S is piesent as sulphide Substances exercising a reduc- 
ing action must, of course, not be present 

Tantalum cannot be recognused in the presence of columbium by any 
simple tests 

Tellunum (pp 473, 475).— A powdeicd tellurium compound, heated 
with Na2C03 and charcoal powder in a closed glass tube and treated 
when cold with hot water, yields a purjilc red solution of sodium tcl- 
lunde This color will disappear if air is blown through the solution. 

Tellundes may be detected by gently warming the finely powdered 
substances with a few cc of concentrated sulphuric acid The solution 
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■will become carmine After cooling, the addition of water will ptecip- 
itate the tellurium as a blackish gray powdei, and the carmine color 
will disappear 

Thallium. — Seep 478 

Tin (pp 475, 481) —The reduction of tin compounds is accomplished 
fairly easily by mi'^ing bora\ with Na2COj and tiealing with the R F 
on ^tiar rnnl The metallic tin thus obtained, when heated on charcoal 
by the 0 F , yields a white incrustation which becomes bluish green 
when moistened with cobalt nitrate and heated (see Ziiu) Or, if 
warmed in a test tube with moderately dilute HNOi, a white powdery 
metastanmc acid (H2Sn03) will result 

If to a borax bead colored blue by a copper, a small quantity of tin 
compound be added and the RF bo applied, the bead will turn 
brown 

Titanium (pp 476, 477, 482) — If iron is picsent, the bead of micro- 
cosmic salt in the 0 F has the iron color, and in the R F a blood-red 
color. When this is fused with tin in the R.F. on thaicoal, the color 
becomes violet 

A very characteristic reaction is obtained as foliow's Fuse on char- 
coal or platmum foil one jiait of the assay with 0 i>.uts ol NiijC’Os and a 
little borax Then dissolve in a small quantity of loiicent rated HCl 
(2-2 s cc) and add granulated tin. The hydiogen genei at ed by the 
tin and HCl will reduce the TiCU in the original acid solution to TiCl» 
and the solution will assume a violet color, especially after .standing 
several hours 

For an extremely delicate test, fuse the powdered assay with NaaCOs 
and borax, as in the color test with tin If the fused mass is dissolved 
by heating in a test tube with 2 cc of a mixture of e<iual parts of H2.SOt 
and water, and, after cooling, is diluted with about 10 cc of cold water, 
the addition of a few drops of H2O2 to the diluted solution will produce a 
golden yellow or orange color if titanium is present. 

Tun^ten (pp 474, 476, 477, 482) —When present m small quanli- 
ties, tungsten may be detected by fusing the assay with five or six times 
its weight of Na 2 C 03 , extracting the resulting mass with water, filtering 
and addmg to the filtrate strong hydrochloric acid. Wniitc tungstic 
hydroxide ■will be preapitated and this precipitate will become pale 
yellow (WO3) on boiling Upon acidification and boiling with a few 
particles of tin, a blue mixture of oxides results. The blue color wiU mi 
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disappear on the addition of water (Compare tests for columhium ) 
On long-continued boiling, the color will change to brown (WO2) 

If the tungstate be decomposed by boiling with HCl, it is not neces- 
sary to fuse Simply boil with strong acid until a light yellow precipi- 
tate (WO3) is obtained Then dilute with an equal quantity of water, 
add tin and boil, and the clue color will result. This will change to 
brown on long-continued boiling (WO2) 

Uranium (pp 476, 477,) — If the uianium is so mixed with othci 
metals that its characteristic bead is obscured, dissolve the assay m HCl 
(first fusing with Na2C03 or borax, if necessary), then nearly neutralize 
with ammonia and add a strong solution of Na2C03 until precipita- 
tion ceases, then about half as much more and let stand for some time 
The excess of Na2C03 will dissolve the compound first precipitated 
Filter, acidify the filtrate with HCl and boil until all the CO2 is expelled 
Then add ammonia in excess If uranium is present, it will be precipi- 
tated as a gelatinous light yellow ammonium uranate (NHi)2U207 To 
confirm, filter and test the precipitate in the bead of microcosmic salt 

Vanadium (pp 476, 477, 482) — ^Vanadium compounds, first roasted 
on charcoal and then fused with four parts Na2C03 and two parts potas- 
sium nitrate on a platinum spiral, when extracted with hot watei, 
filtered, acidified with acetic acid, and treated with a few drops of lead 
acetate, yield a pale yellow precipitate of Pb3(V04)2 This may be 
tested for vanadium in a microcosmic salt bead. 

If the solution obtained by extracting the fused mass be filtered and 
acidified with HCl and well shaken with hydrogen peroxide, it will 
become reddish browm or garnet color If to the acidified solution 
metallic zinc be added, a green blue color will result. This, however, 
will gradually become violet if the solution is left standing in contact 
with zinc 

If the substance is soluble in concentrated HCl or H2SO1, the solu- 
tion thus produced will be red-brown On the addition of water the 
color will change to green-blue or will disappear Upon the addition 
of H2O2 the i eddish brown color will reappear if the dilution be not 
loo great If treated with metallic zinc the green blue color will again 
appear, but will gradually change to violet on continued action of the 
zinc If the blue or violet solution is poured off the zinc and a few 
drops of hydrogen peroxide be added, the characteristic brown color 
will again result For a more accurate determination of the presence 
of vanadium, add NHiOH m excess to the acid solution and pass 
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through It H2S The solution will become garnet if vanadium is 
present 

Zinc (pp 472, 47S, 481) — Infusible white or light-colored zinc com- 
pounds, when finely powdered and made into a paste with a drop of 
Co(N 03)2 solution, and then heated on charcoal by an 0,F , assume a 
green color But silicates of zinc when treated m this way with a hot 
flame often form a fusible cobalt silicate which is blue 

In the presence of antimony and tin, it is almost impossible to detect 
zinc by blowpipe tests, as all three metals e\hibit nearly the same 
blowpipe reactions However, the zinc sublimate when moistened with 
Co(N 03)2 solution and heated in the OP\ becomes grass-green, 
whereas the tin sublimate, under the same treatment, becomes blue- 
green 

Zirconium, in the absence of titanium, molybdates and boric acid, 
may be detected, after fusion of the assay with a little Na2CO.{, by dis- 
solving the assay in a few drops of strong HCl and diluting with water 
to four times the volume, and then moistening with this dilute solution a 
piece of turmeric paper When the paper is dried gently its color will 
change to reddish or orange if zirconium is present 
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I. GUIDE TO THE DESCRIPTIONS OF MINERALS 

Because of the great number of minerals known and the difficulty 
of recognizing them at sight, some means must be employed to aid in 
their systematic study in order that they may be identified without an 
inordinate expenditure of time The most convenient method of 
arriving at the name of a mineral is by means of a guide, or a set of 
tables similar in scope to the “ keys used in Botany for determining 
the names of plants. Many tables have been pioposed by mineralogists 
for this purpose and many different kinds are still in use Some 
of these are based on the chemical properties of minerals, and others 
on their ph}sical properties. Both kinds possess advantages Those 
based on chemical properties are more effective in leading to the name 
of the mineral being studied, but those based on physical properties 
are more apt to lead to a better knowledge of its most evident charac- 
teristics 

The most serious objection to the use of determinative tables lies 
in the danger that the student will feel, when the name of the mineral 
is obtained, that the object of his search is at an end, whereas their 
true aim should be to lead him to such a thorough study of the mineral 
that there ^\lll remain no doubt in his mind as to its real nature 

In the present volume the tables are intended to serve simply as 
guides to the descriptions of the minerals given in the body of the text* 
It is here that the distinctions between the different species must be 
found In many instances the differentiation between several minerals 
is dependent upon chemical tests; hence it is desirable to familiarize 
oneself with the charactenstic tests of the various metals and the acid 
radicals 

The tables in the following pages are divided into two great divisions. 
The first division includes those minerals that have a metallic luster, 
and a few which might be confused with these Minerals possessing a 
metallic luster are opaque on their thinnest edges Most of them give a 
black or dark-colored streak. The second division includes the remain- 
ing minerals, i e , those with a nonmetallic luster These are trans- 
parent in splinters and on their thin edges, and most of them give a 
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colorless or light-colored streak. The subdivisions are based on color 
of streak, color in reflected light and hardness With reference to hard- 
ness it IS convenient to remember that minerals with a hardness of less 
than 2 s will leave a mark on paper, those with a hardness of less than 
3 s can be scratched by a cent, those with a hardness of less than 6 can 
be scratched by a good knife blade, and those with a hardness of less 
than 7 can be scratched by quartz 

In testing for hardness it is important to know not only that the 
scratching substance will actually scratch the substance being tested, 
but also that the latter will not scratch the former. Further, it is like- 
wise important that the scratching substance be clean and fresh. If a 
cent or a knife blade is being used for scratching, it .should be bright; 
if a mineral is bemg used, it should not be coated with a tarnish or a layer 
of weathered substance 

It IS also to be remembered that the color of a mineral is its color on a 
fresh fracture and not on a weathered surface. 

Again, it must be stated that the tables in thi.s book are not expected 
to determme for their users the names of minerals; they are to serve 
merely as guides to the pages on which the minerals are described. 
Recourse must be had to the descriptions of the individual minerals 
before the nature of the substance bemg studied can be established. 
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KEY TO THE DETERMINATION OF MINERALS 

A— MINERALS WITH METALLIC LUSTER* 


* STREAK BLACK OR DARK GRAY 


Color 

Name 

Hardness 

Ref 

Page 

Color 

Name 

Hardness 

Ref ' 
Page 


Lead 

I 5 

62 


Arsenic 

3-4 

50 


Tetradymite 

I 5-2 

75 


Domeykite 

3 5 

78 

White 

Bismuthinite 

2 O 

74 

White 

Lollmgite 

5-5 5 

XI3 

or 

Light 

Gray 

Jamesonite 

2-2 5 

122 

or 

Light 

Gray 

Cobaltite . 

5 5 

106 

Stibmte 

2-2 S 

72 

Smaltite 

5 5 

107 

Calavente 

2"3 

1 14 

Arsenopynte 

S 5-6 

iir 

Galena 

2 5 

81 

Chloanthite 

5 5 

108 


Clausthalite 

2 S -3 

84 


Marcasite 

6-6 5 

109 


Stromeyente 

2 5-3 

86 


Sperrylite 

6-7 

108 


Calavente 


114 


Pentlandite 

3 5-4 

90 

Brassy 

Bronze 

Bomile 

MiUente 


130 

95 

Brassy 

Bronze 

Pyrrhotite 
Niccolite* s 

3 5-4 5 
5 5 

92 

95 

Domeykite 

3 5 

78 

Pynte 

5-6 5 

92 


Chalcopynte 

3 5-4 

131 


Marcasite 

6-6 s 

109 


Molybdenite 

i-i 5 

75 


Enargite 

3 

123 


Graphite 

i-i 5 

44 


Tetrahednte 

3-4 

126 


Pyrolusite 

1-2 

175 


Arsenic 

3-4 

SO 


Wad 

1-2 5 

I $9 


Uramnite 

3-5 5 

297 


Melaconite 

1-3 

149 


Staurolite 

4 

337 


Stibmte 

2-2 5 

72 


Iron 

4 5-5 

^55 

Lark. 

Jamesonite 

2-2 5 

122 

Dark 

Wolframite 

5-5 5 

258 

Gray 

or 

Black 

Polybasite 

2-2 5 

125 

Gray 

or 

Black 

Psilomelane 

5-6 

1S8 

Pearceite 

2-2 5 

125 

llmenite 

5-6 

462 

Stephamte 

2-2 S 

124 

Magnetite 

5 . 5-6 s 

igS 

Argentite 

2-2 S 

79 

Franklmite 

5 5-6 5 

199 


Galena 

2 5 

81 


Pohamte . 

6-6 5 

174 


Chalcocite 

2 5-3 

84 


Braumte. 

6-6 s 

204. 


Boumomte 

2 5-3 

120 


Columbite . 

6-6 s 

293* 


Stromeyente 

2 5-3 

86 


Tantahte, . 

6-6 s 

293 


Metacinna- 




Corundum . 

7-9 

155 


bante 

3 

100 



Blue 

' Covellite. 

mm 

96 






* The refereaee* ere to pages in this book 
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A— MINERALS WITH METALLIC LUSTER— (Cow) 

STREAK BLACK OR DARK GRAY— (CV)« ) 


Color 

Name 

Hardncbb 

Ref 

Puf/e 

C'olor 

Nairn* 

H xnlnc*s4 

Ref 

Pi«t 

Brown 

Wad 

I “3 

189 

Brown 

Uraiiinile 

1 5 S 

297 



stheak 

BROWN 





Wad 

I “3 

189 


Wolframile 

S 6 

2s8 


Dufrenosite 

2-3 

27 S 


Hornl)k*iuk' 

3 

388 


Hematite 

2-3 

153 


Psilomckine 

s <> 

t88 


Tetrahednte 

3-4 

126 


llmeiiilo 

5 b 

462 


Uramnite 

3 -S S 

2 Q 7 


Samarskii c 

5 b 

20 ^ 


Sidente 

3 5-4 

219 


Chromite 


200 

Dark 

Sphalerite , 

5 5-4 

87 

Dark 

Brookile 

S S (> 

176 

Gray 

Manganite 

^ 5-4 

m 

( imy 

Fergusonite 

3 5 b 

203 


Wurtzite 

3 S "4 

90 


Allanite 

5; S b 

3 30 

or 

Black 

Cuprite. 

^ 5-4 

147 

Black 

Kriinklmite 

i S S 

I <19 


Tnplite 

4 '*) S 

273 


Hematite 

6 (, s 

IS 3 


Thonte 

t S-'i 5 

319 


(\)lumbile 

6 6 s 

-’<H 


Goethite 

4 s-s s 

193 


Tantalite 

b b 5 

203 


Limomte 

1 5-5 *) 

183 


Rutile . 

b 7 

t 7 r 


Plattnente 

S“S S 

175 


Cassiteriie 

b 7 

t68 


Hausmannitc 

s-s s 

204 


Corumlum 

7 0 



Hucbnerite 

5-5 5 

258 


Sinnel , . 

; 5 « 

196 

i 

Wad 

1-3 

189 


Ilmcnite 

5 b 

462 


Limonite 

1-3 

183 


Limonite . 

5 5 

i «3 


Hematite 

1-6 

153 


Brookite 

s 5 b 

176 


Uramnite 

3 -S S 

207 


Allanite 

5 .*1 b 

330 


Sidente 

'i S -4 

219 


Frankhnile . 

s 5 b 5 

199 


Sphalente 

3 S -4 

87 


Hematite 

b 

I S 3 

Brown 

Wurtzite 

3 S -4 

90 

Brown 

C'olumbite. , . 

6 6 5 

2<)3 


Thonte 

4 -S 

319 


Tantalite 

6 6 5 

m 


Tnplite 

4 -S 5 

*73 


Hraunite. . . , 

6 6 c 

204 


Limomte - 

4 -S 5 

183 


Rutile 

6 7 

171 


Goethite, 

4 S-S S 

103 


Cassiterite .... 

6 7 

168 


Huebnerite , . 

4 S-S S 

238 


Spinel 

7 s « 

h;6 


Wolframite 

S-6 

2S8 






Limomte 

1-5 5 

183 


Goethite 

4 .S S S 

H )3 


Pentlandite 

3 5-4 

90 


Huebnerite. . . . 

4 S S-S 

! 258 

Yellow 

Sidente 

3 S -4 

2£Q 

Yelbw 

Cassiterite , . 

6-7 

168 


Sphalerite. 

3 S -4 

87 


Spinel 

7 - 5-8 

19b 


Thorite 

4 

310 
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A— MINERALS WITH METALLIC LUSTER— (Co») 

STREAK BROWN— (C(W») 


Color 

Name 

Hardness 

Ref 

Page 

Color 

Name 

Hardness 

Ref 

Page 

Red 

Cinnabar 

2-2 5 

98 

Red 

Breithauptitc 

5 5 

95 

Cuprite 

3 S-4 

147 

Rutile 

6-7 

1-1 

w 


STREAK RED 



Wad 

1-3 

189 


Cuprite 

3 5-4 

147 

Dark 

Hematite 

2-3 

153 

Dark 

Wolframite 

s-s s 

258 

Gray 

Copper 

2 5-3 

53 

Gray 

Samarskite 

5-6 

295 

or 

Pyrargyritc 

2 S-3 

117 

or 

Franklinite 

S 5-6 S 

199 

Black 

Tetrahednte 

3-4 

126 

Black 

Hematite 

6-6 s 

153 


Manganite 

3 5-4 

IQI 


Columbite 

6-6 s 

293 

Brown 

Wad 

1-3 

189 

Brown 

Wolframite 

S-S s 

258 

Hematite 

2-3 

IS 3 





Hematite 

2-3 

153 


Copper 

2 s-3 

53 

Red 

Cinnabar 

Proustite 

2-2 5 

2 5 

98 

I19 

Red 

Gold 

Hematite 

2 5-3 
3-6 

5 S 

153 


Pyrargyritc 

2 5-3 

II7 


Breithauptitc 

5 

95 


STREAK YELLOW 



Sidentc 

3 5-4 

219 


Hornblende 

5-6 

388 

Dark 

Sphalerite 

3 5-4 

87 


Samarskite 

5-6 

295 

Gray 

Tnplite 

4-5 5 

273 


Brookite 

5 5-6 

176 

or 

Goethite 

4 5-5 5 

193 


Rutile^ 

6-7 

I7I 

Black 

Limonitc 

5-5 5 

183 


Cassiteritc 

6-7 

168 


Huebnente 

5-5 5 

258 






Limonite 

1-5 5 

183 


Huebnente* 

4 5-5 5 

258 


Sphalerite 

5 5-4 

87 


Limonite 

5-5 5 

183 

Brown 

Zincite 

4-4 5 

150 

Brown 

Brookite 

5 5-6 

176 


Tnplite 

4-5 5 

273 


Rutile 

6“7 

171 


Goethite 

4 5-5 5 

193 


Cassitente 

6—7 

168 


Limonite 

1-5 5 

183 


Goethite, 

4 5-5 5 

193 


Calaverite 

2-3 

114 


Huebnente 

4 5-5 5 

258 

Yellow 

Gold 

2 5-3 

S8 

Yellow 

Limonite 

S-S s 

183 


Grecnockite 

3-3 5 

91 


Cassitente 

6—7 

168 


Sphalente 

3 5-4 

_87 
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APPENDICES 


A— MINERALS WITH METALLIC LUSTER— (Cow) 


STREAK YEIXOW — (CoW ) 


Color 

Name 

Hardness 

Ref 

Page 

Color 

Name 

Hirdnesi 

Ref 

Page 


Sphalerite 

3 S-4 

87 


Brookite 

SS -6 

176 

Red 

Zincite 

4-4 S 

ISO 

Red 

Rutile 

6-7 

171 


Goethite. 

4 S-S S 

193 







STREAK 

GREEN 





Uraninite 

3-5 5 

297 


Augitc 

S -6 

374 

Green 

Alabandite 

3 5 

90 

Green 

Gadolmite 

6-7 

335 


Hornblende 

5-6 

388 


Spinel 

7 S~8 

196 

Black, 

Brown 

Alabandite 

3 5 

90 


Huebnente. 

4 5-5 5 

258 

or Red 

Uraninite 

3-5 5 

207 

or Red 

Gaclolinitc 

6 7 

33S 



STREAK CRAY 





Sylvanite 

I 5-2 

1 14 


Antimony. 

3 4 

51 

Silver 

Tellurium 

s-a 3 

SO 

Silver 

Dyscrasile , 

5 

78 

White 

Bismuth 

2-2 5 

50 

White 

Platinum 

4 5 

63 


Silver 

2 S-3 

55 


I^’aHadiuni 

4“ 5 

66 


Calavente 

2 5 

114 


Indosmine 

6 7 

67 


Molybdenite 

I-I <5 

7S 


Hornblende 

5-6 



Graphite 

1-2 

44 


1 

< 

S 6 



Tetradymite 

I 5-2 

75 


Hyperblhcne 

S 6 


Dark 

Silver 

2 5-3 

55 

Dark 

Allanile 

5 S 6 


V 

Biotite 

2 5-3 

349 


Anatase . 

S S 6 

176 

V*JL<vjr 

or 

Hessite « 

2 5-3 

79 

Gray 

or 

Brookite. 

S 5*6 

176 

Black 

Petzite 

* s -3 

79 

Black 

Perovskitc . . 

5 S'6 

461 


Stromeyente 

2 S -3 

86 


Rutile . 

6-7 

I7I 


Sphalerite 

3 5-4 

87 


Gadolmite 

6“ 7 

33 S 


Titamte 

S-S 5 

464 


Spinel . . . 

6*7 

196 


Huebnente 

s-s s 

258 






Huebnerite , 

S-S s 

258 


Perovskite. , 

S-S-6 

461 

TlfVNTxm 

AUanite 

s S-6 

330 


Rutile 

6-7 

I7I 

JOJLlJWU 

Anatase 

S S -5 

176 

Brown 

Gadolmite, .. 

6—7 

335 


Brookite 

S S -<5 

w 


Cassitente.. . 

6-7 

168 
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A— MINERALS WITH METALLIC LUSTER— (Co«) 


STREAK WHITE 


Color 

Name 

Hardness 

Ref 

Page 

Color 

Name 

Hardness 

Ref 

Page 

Silver 

White 

Sylvamte 

Silver 

Altaite 

1-2 

3 

3 

II 4 

55 

84 

Silver 

White 

Amalgam 

Antimony 

Indium 

3-3 5 

3-4 

6-7 

63 

51 

66 


Biotite 

2 S“3 

349 


Anatase 

5 5^ 

xy 6 

Dark 

Silver 

2 5-3 

55 

Dark 

Perovskite 

5 5-6 

461 

Gray 

Titanite 

s-s s 

464 

Gray 

Cassitente 

6-7 

168 

or 

Hornblende 

S-6 

388 

or 

Garnet 

6 5-7 

312 

Black 

Augite 

5-6 

374 

Black 

Tourmaline 

7-7 5 

434 


Hypersthene 

5-^ 

365 


Spinel 

7 5-8 

196 

Brown 

Anatase 

Perovskite 

5 S-6 

5 5-6 

176 

461 

Brown 

Cassitente 

6-7 

168 


B— MINERALS WITH NONMETALLIC LUSTER 


STREAK DARK GRAY OR BLACK 


Color 

Name 

Hardness 

Ref 

Page 



Hardness 

Ref 

Page 

Dark 
Gray or 
Black 

Graphite 

Melaconite 

Wad 

1-2 

1-2 S 

1-3 

44 

149 

189 

Dark 
Gray or 
Black 

Wolframite 

Psilomelane 

Corundum 

s-s s 

5-6 

7-9 

258 

188 

*55 

Brown 

Wad 

1-3 

189 





1 

STREAK BROWN 

Dark 

Gray 

or 

Black 

Wad 

Uraninite 

Sidente 

Sphalerite 

Cuprite 

Thorite 

Goethite 

Ferberite 

Wolframite 

1-3 

3-5 5 
3 5-4 

3 5-4 

3 5-4 

4 5-5 

4 5-5 5 
4 5-5 5 
5-5 5 

189 

297 

219 

87 

147 

319 

*93 

238 

258 

Dark 

Gray 

or 

Black 

Hornblende 

Psilomelane 

Chromite 

Uraninite 

Allamte 

Brookite. 

Rutile 

Cassitente 

Spinel 

5-6 

5-6 

5 - 6 

5 5 

5 5-6 

5 5-6 

6- 7 
6-7 

7 5-8 

388 

18$ 

200 

297 

330 

176 

171 

168 

196 
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APPENDICES 


B— MINERALS WITH NONMETALLIC LUSTER— (Co») 

STEEAK BROWN— (Con ) 


Color 

Name 

Hardness 

Ref 

Page 

Color 

Name 

Hardnesv 

Ref 

Page 

Brown 

Wad 

Hematite 

Limonite 

Bauxite 

Cinnabar 

Pharmaco- 

sidente 

ChrysocoUa 

Hematite 

Limonite 

Bauxite 

Olivenite 

Uraninite 

1-3 

1-3 

1 - 3 

i “3 

2- 2 5 

2 S 

2 - 5 

3 

3 

3 

3 

3 - 5 5 

189 

153 

183 

186 

98 

28S 

441 

153 

183 

186 

277 

297 

Brown 

Sideritc 

Sphalerite 

Xenotime 

Thorite 

Gocthitc 

Hucbneritc 

Wolframite 

Hornblende 

Allanilc 

Brookitc 

Rutile 

Cubsilentc 

Spinel 

3-5 4 

3- 5 4 

4- 5 

4 5-5 

4 5-5 

5- 5 5 
5-5 5 

5 - 6 

5 5-6 

5 S “6 

6 - 7 
6-7 

7 

219 

87 

265 

3x9 

193 

258 

258 

38S 

330 

176 

I7I 

168 

r()6 

Red 

Hematite 

Cinnabar 

Hematite 

Cuprite 

Sphalerite 

Xenotime 

1 - 3 

2- 2 5 

3 - <5 

3 5-4 

3 5-4 

4 - 5 

153 • 

98 

153 

147 

87 

265 

Red 

Pluebncntc 

Wolframite 

Hematite 

Rutile , 
Cabbiterile 

4 5-5 

5- 5 ■= 
6 

6- 6 5 
6 7 

258 

258 

X 53 

X 7 X 

i6H 

Yellow 

Bauxite 

Limonite 

1-3 

1-3 

186 

183 

Yellow 

Gocthitc. 

4 5-5 5 

193 


STREAK RFD 


Dark 
Cray or 
Black 

Hematite 

1-3 

M 


Cuprite 
Hematite . 

3 S -4 

5 5-6 S 

147 

tS 3 

Brown 

Cinnabar 

2-2 S 

98 

Brown 

Hematite 

3 6 

^53 


Bauxite 

1-3 

186 


Pyrargyrite 

2 5"3 

117 


Hematite 

1-3 

153 


Crocoitc . 

2 S "3 

253 

Red 

Erythnte 

I 5-2 

282 

Red 

Zmcite. . . 

4 4-5 

> ISO 


Cinnabar 

2-2 5 

98 


Xenotime. . 

4-5 

265 


Proustite 

2-2 5 

119 


Wolframite 

5-5 5 

25H 

YeUow 

Hematite 

3-6 

153 
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B— MINERALS WITH NONMETALLIC LUSTER— (Cow) 


STREAK YELLOW 


Color 

Name 

Hardness 

Ref 

Page 

Color 

Name 

Hardness 

Ref 

Page 

Dark 

Sidente 

3 5-4 

219 

Dark 

Brookite 

S S-6 

176 

Gray 

Huebneritc 

4 5-5 

258 

Gray 

Rutile 

6-7 

171 

or 

Goethite 

4 S-S S 

193 

or 

Cassitente 

6-7 

168 

Black 




Black 





Wad 

1-3 

189 


Huebneritc 

4 s-s s 

258 


Limonite 

1-3 

183 


Goethite 

4 S-S S 

193 

Brown 

Bauxite 

Sidente 

1-3 

3 5-4 

186 

219 

Biown 

Brookite 

Rutile 

S S-6 
6-7 

176 

171 


Sphalerite 

3 5-4 

87 


Cassitente 

6-7 

168 


Xenotime 

4-5 

265 






Bauxite 

1-3 

186 


Zincite 

4-4 S 

150 

Red 

Wulfenite 

3 

257 

Red 

Huebneritc 

4 S-S -J 

258 

Vanadinite 

3 

271 

Rutile 

6-7 

171 


Sphalerite 

3 5-4 

87 


Cassitente 

6-7 

168 


Bauxite 

1-3 

186 


Wulfenite 

3 

257 


Limonite 

1-3 

183 


Vanadinite 

3 

271 

1 

Orpiment 

I 5-2 

71 


Greenockite 

3-3 5 

91 

Yellow 

Sulphur 

I 5-2 

1 47 

Yellow 

Pyromorphitc 

3 5-4 

270 


Autunile 

2-2 5 

289 


Sphalente 

3 5-4 

87 


Carnotite 

2-3 

i 290 


Zinate 

4-4 5 

ISO 


Pharma- 




Goethite 

4 S-S 

193 


cosidcrite 

2 S 

2S8 


Crocidohto 

5-6 

302 



STSEAK 

ORANGE 




Brown 

Thorite 

4 5-5 

319 





Red 

Realgar 

r 5-2 

<59 

Red 

Crocoitc 

2-5 

253 




Zincite 

4-4 5 

ISO 

Yellow 

Greenockite 

3-3 5 

m 

Yellow 

Thorite 

4 S-S 

319 



STREAK 

GREEN 




Dark 

Uramnitc 

3-3 5 

297 

Dark 

Augite 

S-6 

374 

Gray 




Gray 

Spinel 

7 S-8 

196 

or 




or 




Black 




Black 
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B— MINERALS WITH NONMETALLIC LUSTER— (a») 


STREAK. GREEN— (C(?wO 


Color 

Name 

Hardness 

Ref 

Page 

■ 





Glauconite 

1-2 

442 


Brochantite 

3 -S 

245 


Chlorite 

1-2 S 

428 


Malachite 

} S -4 

231 


Annabergite 

1-2 S 

10 

00 


Pyromorphitc 

3 S-4 

270 


Torbemite 

2-2 S 

289 


Dufrcnite 

3 S-4 

27s 

Green 

Chrysocolla 

2-3 

441 

Green 

Libethcnitc 

4 

278 

Garnierite 

2-3 

400 

Dioptabc 

S 

347 


Pharmaco- 




Hornblende 

5-6 

383 


siderite 

2 S 

288 


Augite 

5*6 

374 


Ohvenite 

3 

277 


'J'urquoise 

6 

279 


Atacamite 

3-3 s 

144 


Ch lent Old 

6 “7 

427 


STREAK BLUE 


Blue 

Viviamte 
Chrysocolla 
Azunte 
. Crocidolite 

I S-2 

2-3 

3 S-4 

4 

281 

441 

233 

392 

Blue 

Lasunte 

Glaucophane 

Dumortierite 

5 S 5 

6 6 5 

7 

Green 

Vmanite 

Crocidolite 

I 5-2 

4 

281 

392 

H 

Duniortiorite 

7 


STREAK WHITE 



Gypsum 

I 5-2 

247 


Huebnente. . . 

4 S 5 


Halite 

2-2 5 

134 


Titamte , 

s-s 


Apatite 

2-5 

266 


Glamophanc 

s-s 


Biotite 

2-S 

349 


Yttrotantahte 

5 5* 


Calcite 

3 

214 


Hornblende 

5-6 

Dark 

Anhydrite 

3-3 5 

238 

Dark 

Augite , . 

S ~6 

Gray 

Cerussite 

3-3 5 

227 

Gray 

SchefFente 

5*“6 

or 

Serpentine 

3-4 

398 

or 

Hypersthene . 

S 6 

Black 

Wavellite , 

3 5-4 

287 

Black 

Wagnerite . 

s s 


Ankente 

3 5-4 

230 


Allanite. . , , 

S S'<> 


Dolomite 

3 S-4 

22Q 


Anatase. . . . 

S S 6 


Sphalente 

3 S-4 

87 


Brookite. 

S -6 


Magnesite . 

3 5-5 

2X8 


Perovskite , . 

S S”6 


Fluorite 

4 

139 


Labradorite . 

6-6 


25« 

464 

300 

388 

374 

373 

273 

330 

176 

176 

461 

418 
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B— MINERALS WITH NONMETALLIC LUSTER— (Co«) 


STREAK WHITE — {Cott ) 


Color 

Name 

xiardness 

Ref 

Page 

Color 

Name 

Hardness 

, Ref 1 
' Page 


Epidote 


6-7 

327 


Garnet 

3 5-7 5 

312 

Dark 

Piedmontite. 


6-7 

329 

Dark 

Quartz 

7 

159 

Gray 

Chlontoid 


6-7 

427 

Gray 

Tourmaline 

7-7 5 

434 

or 

Gadolinite . 


6-7 

33 S 

or 

Staurolite 

7-7 5 

337 

Black 

Rutde 


6-7 

I7I 

Black 

Spinel 

7 S-8 

196 


Cassiterite 


6-7 

168 


Diamond 

10 

37 


Cerargyrite 


i-i 5 

138 


Skoroditc 

3 5-4 

28s 


Carnallite . 


1-2 

142 


Strontianite 

3 5-4 

22$ 


Pyrophyllile. 


1-2 

406 


Sidente 

3 S -4 

219 


Tripolite 


1-2 5 

180 


Pyromorphitc 

3 5-4 

270 


Kaohnite 


1-2 5 

404 


Mimetite 

3 5-4 

271 


Gypsum 

I 

5-2 

247 


Rhodochrosile 

3 5-4 

220 


Halite 


2-2 5 

134 


Magnesite 

3 s-s 

218 


Muscovite 


2-3 

3 SS 


Fluorite 

4 

139 


Zinnwaldilc 


2-3 

352 


Clmtonitc 

4-5 

426 


Phlogopite 


2-3 

35 ° 


Chabazite 

4-5 

4 S 6 


Apatite 


2-3 

266 


Harmotomc 

4 -S 

449 


Greenockile 


2-3 

9 X 


Xenotimc 

4 -S 

265 


Leadhillite 

2 

5-3 

j 252 


Wollastomtc 

4 S-S 

368 


Biotite 

2 

5-3 

349 


Apatite 

4. S-S 

266 

Brown 

Chrysotile 

Stolzite 

2 

r* 

5-3 

5-3 

398 

256 

Brown 

Calamine 

Huebnente 

4 S-S 

4 S-S 

396 

258 


Senarmontilc 

2 

5-3 . 

152 


Lithiophylite 

4 S-S 

262 


Bante 

2 

5-3 5 

239 


Smithsonitc 

s 

221 


Vanadinite 


3 

271 


Thomsonite 

s-s s 

4 SS 


Wulfenite 


3 

257 


Datolite 

s-s s 

334 


Calcite 


3 

214 


Titanite 

s-s s 

464 


Anglesite 


3-3 5 

242 


Monazite 

s-s s 

263 


Serpentine 


3-4 

393 


Yttrotantahtc 

s-s s 

29s 


Heulandite. 


3-4 

446 


Nephelite 

S-6 

314 


Stilbite 


3-4 

450 


Anthophyllite . 

S-6 

383 


Laumontite 


3-4 

451 


Enstatite , 

S-6 

36s 


Apatite , . 


3 5 

266 


Bronzite. 

S~6 

36s 


Dolomite 

J 

5-4 

229 


Hypersthene 

S-6 

36s 


Sphalerite , 

3 

5-4 

87 


Diopside 

S-6 

372 


Wavellite . 

3 

5-4 

287 


Hornblende 

S-6 

388 


Aragonite 

3 

5-4 

223 


1 
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B.— MINERALS WITH NONMETALLIC LUSTER— (C«») 


STREAK WHITE — (Cob) 


Color 

Name 

Hardness 

Ref 

P-ige 

Color 



■ 


Augite 

5~6 

374 


Rutile 

6-7 

171 


Babmgtonilc 

S-6 

380 


Gadolinitc* 

6 7 

335 


Acmite 

5-6 

375 


Cassitcnle 

6 7 

168 


Fowlerite 

5 '^ 

380 


Anclalubito 

6 -7 s 

320 


Willemile 

S-6 

306 


VcsuvKinitc 

6 5 

432 


Troostitc 

5-6 

306 


Olivine 

657 

303 


Opal 

5 S-6 

170 


Garnet 

"> S -7 5 

312 


Alknite 

5 5-6 

330 


Quartz 

7 

JS 9 


Anatase 

S S-6 

176 


Boracite . 

7 

210 

Bro'v^n 

Brookite 

5 S-6 

176 

Brown 

Danburite 

7 7 ■> 

32s 


Perovskite 

5 5-6 

461 


Tourmaline 

775 

434 


Tephroite 

6 

30s 


Staurolitc 

7 7 ■> 

337 


Amblygonitc 

6 

274 


Phcnacite 

7-8 

307 


Chondroditc 

6-6 s 

333 


Zircon 

7 5 

317 


Zoisite 

6-6 c 

326 


Spinel 

7 5 » 

196 


Sillimanite 

6-7 

32 t 


Chrysoberyl 

s 5 

202 


Axmite 

6-7 

345 


Gorunclum 

0 

135 


Epidote 

6-7 

327 


Diamond , 

10 

37 


Diaspore 

6-7 

tgo 






Cerargynlc 

J-I f 

138 


Stol/ite . 

2 5 3 

256 


Glauconite 

1-2 

442 


Phlogopite 

2 5 3 

350 


Pyrophylhte 

1-2 

406 


Biolite . 

2 5 3 

349 


Chrysotilc * 

1-2 5 

398 


Bantc..* . 

2 5 3 

230* 


Kaolmite 

1-2 5 

404 


Gibbsitc 

2 5 3‘5 

182 


Vivianite 

1-2 5 

281 


Wulfenitc. . 

3 

257 


Talc 

1-2 5 

40X 


Anhydrite. . 

3 3 5 

238 


Chlonte 

1 1-2 5 

42B 


Anglcbite 

3 3 5 

242 


Annabergite. 

1-2 S 

283 

ff I. 

Stilhitc 

3 4 

450 

Green 

Orthochlonte 

! 1-3 

429 

urcen 

Serpentine . 

3 4 

398 


Melantcnte 


251 


Wavcllite . . 

1 5 4 

287 


Halite 

2-2 5 

134 


Aragonite . , 

3 * 5’'4 

223 


Brucite 

2-2 5 

i8t 


Scorodite. , .. 

3 .S '-4 

28s 


Garnientc , 

2-3 < 

400 


Strontianite 

3 5-4 

225 


Zmnwalditc 

2-3 

1 353 


Pyromori>hite 

3 SM 

270 


Actinolite 

2-3 

1 386 


Rhodochrobite 

? 5-4 5 

220 


Chrysocolla 

2-4 

441 


Fluorite . 

4 



Leptocblonte 

2 5 

1 

432 


Vanscite. . . 

4 

284 
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B— MINERALS WITH NONMETALLIC LUSTER— (C<?» ) 


STREAK WHITE — (Co» ) 


Color 

Name 

Hardness 

Ref 

Page 

Color 

Name 

Hardness 

Ref 

Page 


Scheelite 

4“5 

254 


Amblygonite 

6 

274 


Apatite 

^ s-s 

266 


Labradonte 

6-6 5 

418 


Calamine 

1 5-5 

396 


Microcline 

6-6 5 

413 


Tnphylite 

V s-s 

262 


Zoisite 

6-6 s 

336 


Smithsonite 

5 

221 


Prehnite 

6-6 5 

343 


Datolite 

s-s s 

334 


Spodumene 

6-7 

378 


Cummmgton- 




Forstente 

6-7 

303 


ite 

S -5 S 

387 


Sillimanite 

6-7 

321 


Grunente 

s-s s 

387 


Axinite 

6-7 

345 


Anthophyllitc 

S“S s 

383 


Epidote 

6-7 

327 


Gednte 

s-s s 

383 


Piedmontite 

6-7 

329 


Thomsonite 

S“S s 

4 SS 


Jadeite 

6-7 

377 

Greeix 

Titanite 

5-5 5 

464 


Diaspore 

6-7 

190 


Wagnente 

5 5 

273 


Chloritoid 

6-7 

427 


Hornblende 

5-6 

388 


Gadolmite 

6-7 

33 s 


Augite 

5-6 

374 


Andalusite 

6-7 c 

320 


Acmite 

S-6 

37 S 


Vesuvianile 

6 5 

432 


Hypersthene 

5-6 

36s 


Olivine 

6 5 

303 


Cancnnite 

5-6 

31S 


Fayalite 

6 5 

303 


Nephelitc 

5-6 

3*4 


Uvarovite 

6 5-7 5 

3^3 


Scapolite 

5-6 

423 


Quartz 

7 

159 


Actmolite 

5-6 

386 


Boracite 

7 

210 


Enstatite 

5-6 

36s 


Tourmaline 

7-7 5 

434 


Bronzite 

5-6 

36s 


Spinel 

7 5-8 

iq6 


Diopside 

5-6 

372 


Beryl 

7 5-8 

359 


TroostiLc 

5-6 

306 


Topaz 

8 

322 


Opal 

5-6 

179 


Chrysoberyl 

8 

202 


Turquoise 

6 

279 


Corundum 

9 

155 


Laumontite 

I 5-2 

451 


Margante 

3-4 5 

352 


Gypsum 

r 5-2 

^ 247 


Dolomite 

3 5-4 

22Q 


Zinnwaldite 

1-2-3 

‘352 


Alunite 

3 S -4 

244 


Lepidolite . 

2-4 

354 


Rhodochrosite 

3 * 5-4 S 

220 

Puik 

Glaubente 

2 S 

236 

Pmk 

Fluorite 

4 

t 3 Q 


Senarmontite 

2 5-3 

152 


Xenotime 

4-5 

265 


Kaimte 

’ S -3 

251 


ApophylHte 

4 5 -S 

443 


Calcite 

3 

214 


Lithiophylite 

4 5-5 

262 


Laumontite 

3-4 

451 


Datolite 

S-S S 

334 


608 
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B— MINERALS WITH NONMETALLIC LUSTER— (Cfl« ) 


STREAK WHITE— (Co» ) 


Color 

Name 

Hardne&s 

Rtf 

Page 



EBB 



Wagnente 

S S 

273 


Zoisile 

6-6 s 

326 


Sodalite 

5-6 

340 


Epidotc 

i-d-y 

327 


Cancrmite 

5-6 

315 


Andalusitc 

6-7 s 

320 


Scapolite 

5-6 

423 


Garnet 

6 S-7 

312 


Tremolite 

5-6 

386 


Tourmaline 

7-7 5 

434 

Pink 

Fowlente 

S-6 

380 

Pmk 

Spodumone 

7-7 >5 

378 


Rhodonite 

S-6 

380 


I'hcnatite 

7-8 

307 


Bustamite 

5-6 

380 


Topaz 

8 

322 


Willemite 

5-6 

306 


Spinel 

8 

196 


Tephroitc 

6 

30s 


Corundum 

9 

ISS 


Orthoclase 

6-6 s 

413 






Camallile 

1-2 

142 


Ankente . 

i 5 4 

230 


Kaohmte 

1-2 5 

404 


Alunite 

^ 5 4 

244 


Talc 

1-2 5 

401 


Sphalerite 

3 5 4 

87 


Laumontitc 

1-3 

451 


Rhofknhrosite 

3 5 4 

220 


Gypsum 

r 5-2 

247 


Chntonite, . 

4 5 

426 


Thenardite 

2 

237 


Chabazite. 

4 5 

456 


Sylvite 

2-2 5 

137 


Harmotome 

t 5 

449 


Halite 

2-2 SI 

134 


ThilHpsite. 

4 5 

447 


Glaubente 

* s 

236 


Xenolime. , 

4 5 

26s 


Phlogopitc 

2 5-3 

350 


Schcelite. 


*54 


Stolzite 

*• 5-3 

256 


Apophylliie. , . 

4 5 5 

443 

Red 

Gibbsite 

* 5-3 5 

182 

Red 

Wollast unite 

4 5 S 

368 

Kainite 


2SX 

Apatite . . . 

4 5 5 

266 


Cryolite 


143 


Huebnerite., . . 

4 5 5*3 

258 


Calcite 


2 X 4 


Analcitc . . . , 

5 5*5 

458 


Wulfenite 


257 


Natrolhc. 

5 - 5*5 

454 


Vanadinite 

3 

271 


Thomsonite 

5 5*5 

455 


Anhydrite 

3-3 5 

238 


Datohlc 

S -5 5 

334 


Celestite 

3-3 S 

241 


Titanite... . 

5 - 5*5 

464 


Bante* 

3 - 3^5 

239 


Monazite 

S' 5 *S 

263 


Stilbite . . 

3-4 

450 


Cancrinite. . . 

S-6 

315 


Heulandite 

3-4 

446 


Nephelite. . , . 

5*6 

314 


Laumonlite 

3-4 

451 


Enstatile . . . 

5 6 

36s 


Serpentine 

3-4 

398 


Diopside . . * 

$•*6 

372 


Dolomite 

3 5-4 

229 


Rhodonite. . . . 

5-6 

380 


Aragonite 

1 

3 5-4 

223 


Willemite 

5-6 

306 
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B— MINERALS WITH NONMETALLIC LUSTER— (Con) 


STREAK WHITE — (Coff ) 


Color 

Name 

Hardness 

Ref 

Page 

Color 

Name 

Hardness 

Ref 

Page 


Troostite 

5-6 

306 


Quartz 

7 

IS 9 


Opal 

5 S‘6 

179 


Boracite 

7 

210 


Perovskite 

5 5-6 

461 


Danbunte 

7-7 5 

32s 


Amblygonite 

6 

274 


Tourmaline 

7-7 5 

434 


Orthoclase 

6-6 s 

413 


Cordientc 

7-7 5 

438 

Red 

Chondroditc 

6-6 s 

333 

Red 

Phenacite 

7-8 

307 


Zoisite 

6-6 s 

326 


Zircon 

7 S 

317 


Axinite 

6-7 

345 


Beryl 

7 5-8 

35 P 


Epidote 

6-7 

327 


Spinel 

7 5-8 

iq6 


Diaspora 

6-7 

190 


Topaz 

8 

322 


Vesuviamtc 

6 5 

432 


Chrysoberyl 

8 5 

202 


Garnet 

6 5-7 5 

312 


Corundum 

9 

155 


Cerargyritc 

5 

I3S 


Vanadmite 

3 

271 


Carnallite 

I“2 

142 


Celestite 

3-3 5 

241 


Pyrophyllitc 

1-2 

406 


Anglesite 

3-3 5 

242 


Tnpolite 

I“2 5 

iBo 


Cerussite 

3-3 5 

227 


Kaolinite 

I~2 5 

404 


Heulanditc 

3-4 

446 


Talc 

1-2 5 

401 


Stilbite 

3-4 

450 


Chrysotile 

1-3 

39S 


Laumontitc 

3-4 

4 Sr 


Orthochlontc 

1-3 

429 


Serpentine 

3-4 

398 


Gypsutn 

I S -2 

247 


Margantc 

3-4 5 

352 


Sulphur 

I 5“2 5 

' 47 


Wavellite 

3 S -4 

287 


Hanksile 

2 

252 


Dolomite 

3 5-4 

229 


Sylvite 

2-2 S 

T 37 


Aragonite 

3 5-4 

223 

Yellow 

Halite 

2-2 5 

134 

Yellow 

Strontianite 

3 5-4 

225 


Muscovite 

2-3 

35 S 


Sphalerite 

3 S -4 

87 


Phlogopite 

2-3 

350 


Pyromorphitc 

3 S -4 

270 


Gaylussitc 

2-3 

23s 


Mimetite 

3 5-4 

271 


Zinnwaldite 

2-3 

352 


Rhodochrosite 

3 5-4 5 

220 


Glaubente 

2 S 

236 


Magnesite 

3 5-5 

218 


Leadhillite 

2 5 

252 


Fluorite 

4 

139 


Kamite, 

2 5 

251 


Chabazite 

4-5 

456 


Trona 

2 S -3 

235 


Harmotome 

4-5 

449 


Gibbsitc 

2 5-3 S 

182 


Phillipsite . 

4-5 

447 


Bante 

2 S -3 5 

239 


Xenotime 

4-5 

265 


Calcite 

3 

214 


Scheelite 

4 5 

254 


Kiesente 

3 

246 


Wollastonite i 

I- 5-5 

368 


Wulfenite 

3 

2 S 7 


1 
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B— MINERALS WITH NONMETALLIC LUSTER— (Con) 


STKEAK WHITE— (Co« ) 


Color 

Name 

Hardness 

Ref 

Page 

Color 

Name 

Hardness 

Ref 

Page 

Yellow 

Apatite 

Calamine 

Huebnente 

Lithiophylite 

Smithsonite 

Natrohtc 

Thomsonite 

Datolite 

Titanite 

Monazile 

Wagnerite 

Sodalite 

Cancnnile 

Nephelite 

Scapolite 

Rhodonite 

4 S -5 

4 5 -S 

4 S "5 

4 5 -S 

5 

S-S 5 
5 -S 5 
5-5 5 
5-5 5 
5-5 5 
5-5 5 
5-6 
5-6 
5-6 
5-6 
5-6 

266 

396 

258 

262 

221 

454 

455 

334 

464 

263 

273 

340 

315 

314 

423 

380 



Yellow 

Willcmite 

Opal 

Orthoclase 

Chondrodite 

Epidote 

Rutile 

Casbitentc 

Andalusito 

Olivme 

Garnet 

Quartz 

Tourmaline 

Zircon 

Topaz 

Spinel 
Corundum , 

i;-6 

5- 6 

6- 6 s 
6-6 5 
6-7 
6-7 

6- 7 
6*7 5 

6 5-7 

5 7 

7 

7 - 7 5 
7 5 

8 

8 

0 

306 

179 

413 

333 

327 

171 

168 

320 

303 

3^2 

159 

434 

317 

322 

i()6 

rSS 


Kaolmite 

1-2 5 

404 


Smithsomtc . 

5 

22 T 


Vivianite 

1-2 5 

281 


Lasurite . 

S S 5 

343 


Sylvjie 

2-2 S 

137 


Lazulite 

s s s 

275 


Halite 

2-2 5 

134 


Iliiliynitc . . , 

5-6 

341 


Brucite 

2-2 5 

181 


Sodalite 

S -<5 

34 <> 


Chrysocolla 

2-4 

441 


Cancnnitc. 

S 6 

3*5 


Chalcanlhite 

2-S 

246 


Nephelite 

S -6 

3*4 


Barite 

S -3 5 

230 


Scapolite 

5-6 

423 


Calcite 

3 

214 


Willemitc . . 

S -6 

306 


Gibbsite 

3“3 5 

182 


Diopside. . 

S -6 

372 

Blue 

Anhydnte 

3-3 5 

238 

Blue 

Opal 

S S -6 

179 


Celestite 

3-3 5 

241 


Turquoise 

6 

279 


Anglesite 

3-3 5 

242 


Amblygonite. 

6 

274 


Aragonite 

3 5-4 

223 


Glaucophane 

6-6 s 

390 


Wavellite 

3 5-4 

287 


Aximte . 

6-7 

345 


Skorodite 

3 5-4 

285 


Diaspora. . . 

6-7 

iqo 


Fluorite 

4 

139 


Kyanite 

6-7 

303 


Kyanite 

4-5 

393 


Vesuvianite, . . 

6-7 

432 


Apatite 

4 5-5 

266 


Quartz , . 

7 

*50 


Calamine 

4 5-5 

396 


Boracite. . .. 

7 

210 


Tnphyhte 

4 5-5 

262 


Cordiente. . , , 

7-7 5 

438 
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B— MINERALS WITH NONMETALLIC LUSTER— (Co») 

STREAK WHITE — (CoH) 


Color 

1 Name 

Hardness 

Ref 

Page 

Color 

Name 

Hardness 

Ref 

Page 

Blue 


7-7 S 
7 5-8 

434 

359 

Blue 

Spinel 

Topaz 

Corundum 

7 5-8 

8 

9 

196 

322 

155 


Halite 

Calcite 

Fluonte 

Apatite 

Scapolite 

Tremolite 

2-2 5 

3 

4 

4 S “5 
5-6 
S-6 

134 

214 

139 

266 

423 

386 

Purple 

Quartz 

Spodumene 

Topaz 

Spinel 

Corundum 

7 

7-7 5 

8 

8 

9 

ISO 

378 

322 

196 

, 155 

Bronze 

Phlogopite 

2 5-3 

350 




■ 

Orange 

Vanadmite 

3 

271 

Orange 

Spinel 

8 



STREAK COLORLESS OR WHITE 



Soda 

i-i 5 

234 


Halite 

2-2 5 

134 


Cerargynte 

i-i s 

138 


Brucite 

2 2-S 

181 


Arsenohte 

1-2 

152 


Pharmacohte , 

2-2 5 

292 


Carnallite 

1-2 

142 


Senarmontite 

2-2 S 

152 


Chrysotile 

1-2 5 

398 


Kainite 

2-3 

251 


Tnpolite 

1-2 5 

180 


Muscovite 

2-3 

355 


Calcite 

1-2 5 

214 


Paragomte 

2-3 

358 


Talc 

1-2 5 

401 


Zinnwaldite 

2-3 

352 


Pyrophyllite 

1-2 5 

406 


Grunerile . 

2-3 

387 

White 

Orthochlorite 

1-3 

429 

White 

Gaylussite . 

2-3 

33s 

or 

Bauxite 

1-3 

186 

or 

Lepidolite 

2-4 

354 

Light 

Mirabilite 

I S-2 

246 

Light 

Apatite 

2-5 

266 

<Jray 

Niter 

r 5-2 

206 

Gray 

Glaubente . 

2-5 

236 


Soda-niter 

I 5-2 

20$ 


Claudetite 

2-5 

152 


Gypsum 

r 5-2 

247 


Stolzite . 

2 5-3 

256 


Vivianite 

r 5-2 

281 


Trona . , 

2 S“3 

235 


Melanterite 

I S-2 

251 


Cryolite 

2 S‘-3 

143 


Meerschaum 

2 

401 


Gibbsite. 

2 5-3 

182 


Hanksite 

2 

252 


Barite . . « 

2 5-3 

239 


Thenardite 

2 

237 


Valentinite 

2 5-3 

rs2 


Elaolmite 

2-^2 5 

404 


Kiesente 

3 

246 


Borax 

2-2 S 

207 


Calcite 

3 

214 


Epsomite 

2-2 5 

250 


Wulfenite 

3 

257 


Sylvite 

2-2 S 

137 


Anhydrite 

3-3 5 

238 
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B— MINERALS WITH NONMETALLIC LUSTER— (Con) 


STREAK COLOREESS OR WHITF — (Colt ) 


Color 

Name 

Hardness 

Ref 

Page 

Color 

Name 

H irdntus 

Ref 

Page 


Celestite 

3-3 5 

241 


Nephclilc 

s-6 

314 


Anglesite 

3-3 5 

242 


Scapohto 

S-6 

423 


Cerussile 

3-3 5 

227 


Trcraolilc 

S -6 

386 


Heulandite 

3-4 

446 


Anlhophyllilc 

S-6 

443 


Stilbite 

3-4 

4 so 


Ensliililc 

S-6 

36s 


Laumontite 

3-4 

4SX 


Diopsido. 

s -6 

37a 


Margarite 

3-4 S 

352 


Willemitc 

S"6 

306 


Andulusite 

3-6 

320 


Gcdntc 

S s-6 

383 


Alunite 

3 S-4 

244 


Opa.1 

S S-6 

179 


Wayelhte , 

3 S-4 

287 


Lcucile 

3 S-6 

362 


Dolomite 

3 S-4 

229 


Beryllonite. 

S 5-6 

263 


Aragonite 

3 S-4 

223 


Amblygomle 

6 

274 


Strontianite 

3 S-4 

22s 


Orthoclasc 

6-6 5 

413 


Sidente 

3 S-4 

219 


Mic roc line . 

6 6.5 

4X3 


Ankente 

3 S-4 

230 


Plagiodase. . 

6-6 S 

418 


Withente 

3 S-4 

226 


Prehnitc 

6-7 

343 


Pyromorphite 

3 S-4 

270 


Spodumenc 

6-7 

378 


Mimetite 

3 S-4 

271 


vSilhmanite. . 

6-7 

321 

White 

Rhodochrosite 

3 S-4 3 

220 

While 

Jadeite * 

6 7 

377 

or 

Magnesite 

3 5-4 5 

218 

or 

Axinile , 

6-7 

345 

Light 

Fluorite 

4 

134 

Light 

Zoisite . . 

67 

326 

Gray 

Colemanite 

4 -S 

208 

Gray 

Diaspora 

6 7 

190 


Chabazite 

4 -S 

4 S 6 


Kyanilo . 

6-7 

393 


Apophyllite 

4 -S 

443 


Andalusite . 

6-7.5 

320 


Harmotome 

4 -S 

449 


Californite . . 

6.5 

434 


Phillipsite 

4 -S 

447 


Garnet , » , , 

6.5-7 S 

312 


Pectolite 

4 -S 

360 

1 

Quartjs . , . . 

7 

159 


Kyanite 

4 -S 1 

393 


Dumortierite 

7 

338 


Scheelite 

4 -S 

2 S 4 


Boradte 

7 

210 


WoUastonite 

4 5-5 

368 


Corclierite. 

7-7 H 

438 


Apatite 

4 5-5 

266 


Danbunte . 

7-7.5 

3»5 


Calamine 

4 S-S 

396 


Tourmaline . . 

7-7 5 

1 434 


Smithsonite 

s 

221 


Phenacite. , « . 

7-8 

1 307 


Analcite 

S-S s 

4 S 8 


Zircon 

i 7 S 

3x7 


Thomsonite 

s-s-s 

4 SS 


Beryl ... . 

7 S-8 

359 


Natrolite 

S-S s 

4 S 4 


Topaz . . 

8 

322 


Datolite 

S-S s 

334 


Chrysoberyl 

8.5 

202 


Scolecite 

S-S s 

4 S 2 


Corundum . 

9 

ISS 


Sodalite 

S-6 

340 


Diamond 

10 

37 


Cancnnite 

S -6 

31 S 
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n. USX OF THE MORE IMPORTANT MINERALS AR- 
RANGED ACCORDING TO THEIR PRINCIPAL 
CONSTITUENTS 


ALUHIMIXJM 


Albite 

Epidote 

Orthoclase 

Alum 

Feldspars 

Piedmontite 

Alumte 

Garnet 

Prehnite 

Amblygomte 

Gibbsite 

Pyrophyllite 

Analc^jfee ^ 

Andalusite 

Glaucophane 

Sillimanite 

Harmotome 

Sodahte 

Anorthite 

Heulandite 

Spinel 

Augite 

Hornblende 

Spodumene 

Axinite 

Jadeite 

Staurolite 

Bauxite 

Kaolin 

Stilbite 

Beryl 

Kyanite 

Thomsonite 

Brittle micas 

Laumontite 

Topaz 

Cancnnite 

Lazulite 

Tourmaline 

Celsian 

Lazunte 

Turquoise 

Chabazite 

Lepidolite 

Uvarovite 

Chrysoberyl 

Leucite 

Vanscite 

Cordierite 

Margante 

Vesuviamte 

Corundum 

Micas 

Wavelite 

Cryolite 

Microclme 

Zeolite 

Cyanite 

Natrolite 

Zoisite 

Diaspore 

Nephebte 

Many other silicates 

Dumortiente 

ANTmONY 


Ar simony 

Jamesomte 

Stibnite 

Boumomte 

Pjnrargynle 

Sulphantimomtes 

Breithauptite 

Senarmontite 

Tetrahednte 

Dyscrasite 

Stephamte 

Valentinite 


ARSENIC 


Arsenates 

Enargite 

Proustite 

Arsenic 

Erythnte 

Realgar 

Arsenolite 

Gersdorffite 

Scorodite 

Arsenopynte 

LoUingite 

Smaltite 

Chloanthite 

Mimetite 

Sperrylite 

Claudetite 

"Niccolite 

Sulpharsenites 

Cobaltite 

Olivenite 

Tennantite 

Domeykite ' 

Oxpiment 
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BASICTM 


Barite 

Harmotome 

Psjlomelane 

Celsian 

Hyalophane 

BERYLLIUM 

Withente 

Bertrandite 

Chrysoberyl 

Herderite 

Beryl 

Beiyllomte 

Gadolipite 

BISMUTH 

Phenacite 

Blsmite 

Bismuthmite 

Sulpho-bismuthmites 

Bismuth 

Bismutite 

BORON 

Tetradymite 

Axmite 

Danbunte 

Sassolite 

Boracite 

Datolite 

Tourmaline 

Borax 

Colemanite 

Dumortierite 

BROMINE 

Ulexite 

Brom3^te 

Greenockite 

PoUuate 

Embolite 

CADMIUM 

CMSIVU 

CALCIUM 

lodobromite 

Actinohte 

Chabazite 

Margarile 

Andradite 

Colemanite 

Pcrovskite 

Anhydrite 

Danbunte 

Phillipsile 

Ankente 

Datolite 

Piedmontite 

Anorthite 

Diopside 

PrehnJte 

Apatite 

Dolomite 

Scheehte 

Apophyllite 

Epidote 

Scolecite 

Aragonite 

Fluonte 

Stilbitc 

Asbestus 

Gaylussite 

Thomsonite 

Augite 

Glaubente 

Tftanite 

Autunite 

Grossulante 

TremoKte 

Babingtonite 

Gypsum 

Uvarovite 

Bustamite 

Harmotome 

Vesuvianite 

Calcite 

Heulandite 

Wollastonite 

Cancrmite 

Hornblende 

Zoisite 

Camotite 

Laumontite 

Many other silicates 
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CARBON 

Cancnnite Diamond Hanksite 

Carbonates Graphite 


CERIUM 


Allanite 

Monazite 

Thorite 

Fergusonite 

Samarskite 

Xenotime 

Gadolinite 

CHLORINE 


Apatite 

Cryolite 

Pyromorphite 

Atacamite 

Habte 

Scapolite 

Boracite 

Hanksite 

Sodalite 

Carnallite 

Kamite 

Sylvite 

Cerargynte 

Mimetite 

Vanadinite 


CHROMIUM 


Chromite 

Crocoite 

Uvarovite 


COBALT 


Cobaltite 

Glaucodite 

Smaltite 

Erythnte 

Linnaeite 



COLUMBIUM 


Columbite 

Samarskite 

Tantalite 

Columbates 

Polycrase 

YtrrotantaJite 

Fergusonite 

COPPER 


Atacamite 

Chrysocolla 

Malachite 

Azunte 

Copper 

Melaconite 

Berzelianite 

Covellite 

Olivenite 

Bornite 

Cuprite 

Stromeyente 

Boumonite 

Cypnne 

Tennantite 

Brochantite 

Dioptase 

Tetrahednte 

Chalcanthite 

Domeykite 

Tenorite 

Chalcoate 

Enargite 

Torbermte 

Chalcopyrite 

Libethenite 

Turquoise 


DIDYMIUM 


Allanite 

Cerite 


Gadolinite 


Monazite 
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AlJanite 

Fergusonite 


Amblygonite 

Apatite 

Chondrodite 

Cr>'olite 

Durangfte 


Argyrodite 


Calaverite 

Gold 


lodyrite 


Iridosmme 


Actinolite 

Almaxidite 

Andradite 

Ankerite 

Anthophyllite 

Arsenopynte ' 

Augite 

Biotite 

Babmgtonite' 

Bormte 

Bronzite 

Chalcopyrite 

Chromite 

Columbite 

Cordierite 

Crocidohte 

Cummingtonite 

Dufremte 


ERBIUM 

Gadohnite 

Xenotime 

FLUORINE 

Fluorite 

Herdente 

Lepidolite 

Phlogopitc 

Tourmaline 

GERMANIUM 

GOLD 

Petzite 

Sylvamte 

IODINE 

Marshite 

XEioruM: 


IRON 

Fayalite 

Ferberite 

Franklinite 

Gadolinite 

Gedrite 

Glauconite - 

Goethite 

Greenalite 

Gruenerite 

Hematite 

Hornblende 

Hypersthene 

Ilmenite 

Iron 

Lepidomelaae 

Limonite 

Ldllingite 

Magnetite 


Yttrotantalite 


Topaz 

Tnplitc 

Vesuvianite 

Wagnentc 


Canfieldite 


Krennerite 


Miersitc 


Platiniridium 


Marcasitc 

Melanterite 

Olivine 

Pentlanditc 

PharnittcoHulerite 

Pyrite 

Pyrope 

Pyrrhotite 

Scorodite 

Siderite 

StauroHte 

Tantalite 

Triphylite 

Triplite 

Turgite 

Vivianite 

Wolframite 

Many other silicates 
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Altaite 

LANTHANUM 

Monazite 

LEAD 

Galena 

Phosgenite 

Anglesite 

Jamesomte 

Plattnente 

Boumonite 

Lead 

Pyromorphite 

Cerussite 

Leadhillite 

Stolzite 

Clausthalile 

Massicot 

Uraninite 

Crocoite 

Mimetite 

Vanadimte 

Descloizite 

Minium 

Wulfenite 

Dufrenosite 

Amblygomte 

LITHIUM 

Spodumene 

Petalite 

Lepidolite 

Tnphylite 

Zmnwaldite 

Lithiophilite 

Actmolite 

MAGNESIUM 

Cordiente 

Kieserite 

Ankente 

Cummmgtonite 

Leptochlontes 

Anthophyllito 

Diopside 

Magnesite 

Asbestus 

Dolomite 

Meerschaum 

Augite 

Enstatite 

Olivine 

Biotite 

Epsomite 

Phlogopite 

Boracite 

Forsterite 

Pyrope 

Brittle micas 

Gamiente 

Serpentine 

Bronzite 

Gedrite 

Spinel 

Brucite 

Glaucophane 

Steatite 

Carnallite 

Hornblende 

Struvite 

Chlorites 

Hydromagnesite • 

Tremolite 

Chondrodite 

Hypersthene 

Wagnerite 

Chrysotile 

Kainite 

Many other silicates 

Alabandite 

MANGANESE 

Huebente 

Rhodonite 

Bdbmgtonite 

Lithiophilite 

Scheffente 

Braunite 

Manganite 

Spessartite 

Bustamite 

Manganotantalite ' 

Tantalite 

Columbite 

Piedmontite 

Tephroite 

Fowlcnte 

Pohanite 

Triplite 

Fraaklinite 

Psilomelane 

Troostite 

Hauerite 

Pyrolusite 

,Wad 

Hausmannite 

Rhodochrosite 

Wolframite 
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MERCURY 

Amalgam 

Coloradoite 

Calomel 

Metacinnabarite 

Cmnabar 

MOLYBDENUM 

Molybdenite 

Molybdite 

Powellite 


NICKEL 

Annabergite 

Gersdorffitc 

Breithauptite 

Lmnaeite 

Chloanthite 

Melonite 

Garniente 

Millerite 

Genthite 

NITROCl N 

Niter 

OSMIUM 

Indosmine 

PALLADIUM 

Palladium 

PHOSPHORUS 

Phosphates 

PLATINUM 

Platinindium 

Platinum 


POTASSIUM 

Alunite 

Jarosite 

Apophyllite 

< Kainitc 

Biotite 

Kalmltc 

Camallite 

Lcpidolite 

Camotite 

iLeucitc 

Glauconite 

Microcline 

Hanksite 

Muscovite 

Harmotome 

Nephclme 


SELENIUM 

Aguilante 

Naumannite 

Berzelianite 

Clausthalite 

'Onofrite 


Onofnte 

Tienuinnite 


Wulfeiaite 


Niccolite 

Pentlandite 

UlIiTiiinite 

Zarutite 


Sodu-jiUer 


Sperrylite 


Niter 

Orthodasc 

PhillipHlte 

Phlogopile 

Pailomelane 

Sylvite 

Many other silicates 


Sden-tellurium 

Tiemannlte 
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snicoK 


Opal 

Quartz 

All silicates 

Amalgam 

SILVER 

Hessite 

Pyrargynte 

Argentite 

lodynte 

Silver 

Brom3m[te 

Petzite 

Stephanite 

Calavente 

Miargyrite 

Stromeyente 

Cerargynte 

Pearceite 

Sylvamte 

Dyscrasite 

Polybasite 

Tetrahedrite 

Embolite 

Proustite 


Acmite 

SODIUM 

Glaubente 

Paragonite 

Albjte 

Glaucophane 

Soda 

Analcite 

Halite 

Sodalite 

Beryllonite 

Hanksite 

Soda-niter 

Borax 

Jadeite 

Stilbite 

Cancnnite 

Lasunte 

Thenardite 

Chabazite 

Mirabilite 

"Thomsonite 

Crocidohte 

Natrolite 

Trona 

Cryolite 

Natron 

Ulexite 

Durangite 

Nephelite 

Many other silicates 

Gaylussite 

CcIestJte 

STRONTIUM 

Strontianjte 

Arscnopynte 

SULPHUR 

Lazurite 

Pyrrhotite 

Brochantite 

Leadhilhte 

Sulphates 

Cobaltite 

Marcasite 

Sulphides 

Hanksite 

Noselite 

Sulpho-salts 

Hauynite 

P3mte 

Sulphur 

Kamite 

Columbitc 

TANTALUM 

Samarskite 

Yttrotantalite 

Fergusonite 

Tantaljte 


Altaate 

TELLURIUM 

Krennente 

Selen-tellurium 

Calaverfte 

Melonite 

Sylvamte 

Coloradoite 

Nagyagite 

Tellurite 

Hessite 

Petzite 

Tetradymite 
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Crookesite 

THALLIUM 

Loranditc 

Aeschynite 

THORIUM 

Pyrochlore 

Uranimtc 

Monazite 

Thorite 

Yttnalilc 

Canfieldite 

TIN 

Cassiterite 

StannEtc 

Anatase 

TITANIUM 

Ilmenite 

Rutile 

Astrophyllite 

Perovskite 

Schorlomile 

Brookite 

Pseudobrookite 

Titanite 

Ferberite 

TUNGSTEN 

PoJycrase 

Stolzitc 

Huebnerite 

Scheehte 

Wolframite 

Autunite 

URANIUM 

Gummite 

Uraninite 

Camotite 

Torbemite 

Uranophanc 

Camotite 

VANADIUM 

Patronite 

Vanadinite 

Desdolzite 

Boscoelitc 


Allanfte 

YTTRIUM 

Samarskite 

Yttrialite 

Fergusonite 

Xenotime 

Yttrotantalite 

GadoJinite 

Calamine 

ZINC 

Goslarite 

Troostite 

Fowlente 

Hydrozincite 

Willemite 

Franklinite 

Smithsonite 

Wurtzite 

Gahnite 

Sphalerite 

Zincite 

Baddeleyite 

ZIRCONIUM 

Zircon 
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YtEXDINO WATER IN CXOSED TtJBE 


Allanite 

Dufremte 

Opal 

Alunite 

Dumortierite 

Piedmontite 

Analcite 

Epidote 

Phaimacohte 

Annabergite 

Epsomite 

Pharmacosiderite 

Apophyllite 

Gamierite 

Phlogopite 

Atacamite 

Gaylussite 

' Prehnite 

Autunite 

Gibbsite 

Psilomelane 

Axinite 

Glauconite 

Pyrophyllite 

Azunte 

Goethite 

Skorodite 

Bauxite 

Gypsum 

Serpentine 

Biotite 

Xaipite 

Staurolite 

Borax 

Eaolinite 

Steatite 

Brochantite 

Kiesente 

Struvite 

Brittle micas 

Lazulite 

Torbemite 

Brucite 

LeadhilJite 

Tourmaline 

Calamme 

Lepidolite 

Topaz 

Cancnnite 

Libethenite 

Trona 

Camalbte 

Limonite 

Turquoise 

Chlorites 

Malachite 

Vanscite 

Chondrodite 

Manganite 

Vesuvianite 

Chrysocolla 

Margante 

Vivianite 

Chrysotile 

Meerschaum 

Wad 

Colemanite 

Micas 

Wavelhte 

Cordiente 

Mirabihte 

Zeolites 

Datolite 

Muscovite 

Zinnwaldite 

Diaspore 

Olivemte 

Zoisite 


Dioptase 


m. LIST OF MINERALS ARRANGED ACCORDING TO 
THEIR CRYSTALLIZATION 



AMORPHOUS {probably colloidal) 

Bauxite 

Chrysocolla 

Gamiente 

Glauconite 

Limonite 

Opal 

Psilomelane 

Pyrolusite (?) 

Skorodite 

Turquoise 

Wad 


ISOMBTRIC 


Arsenolite (?) 

Boracjte above 265® 
^K-Cnstobalite 

Lasurite 

Leucite above 500® 

Senarmontite (?) 
Uraninite 
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HEXOCTAIIEDRAL CLASS (Holohedrai) 


Altaite 

Frankbnitc 

Magnetite 

Amalgam 

Gahnite 

Mercury 

Argentite 

Galena 

Palhwhum 

Bornite 

Garnet 

Petzitc 

Cerargynte 

Gold 

Picotite 

Chromite 

Halite 

Platinum 

Clausthalite 

Hessite 

SrhorloniJte 

Copper 

Iron 

Silver 

Fluorite 

Lead 

Spinel 

DYAKISDODECAHEDRAL CLASS (Hemihldral) 

Alum 

Cobaltite 

Smalt ite 

Chloanthite 

Pynte 

Sperryhte 

HEXTETRAHEDRAL CLASS 

(UhmnmKhh) 

Alabandite 

Noselite 

Siihalerite 

Boracite 

Pentlandite 

"retrahcdnlc 

Diamond 

Perovskite (?) 

Tennant it e 

Hauymte 

Pharmacosiderite 

'’riemannite 

Metacinnabante 

Sodalite 


pentagonal icositetraiikdral 

CLASS (llKMiiinnitAt) 

Cuprite 


Sylvite 


PSEUDO-ISOM KTRIC 

Analcite 

Leuate 

Perovskite 


HEXAGONAL 


Breithauptitc 

Hanksile 

Pyrrhotite (?) 

Camotite (?) 

Molybdenite 

0 Tridymite 

Covellite 

Niccolite 



DIHEXAGONAL BIPYRAMIDAL CLASS (Holohedrai.) 
Beryl (^crinitc 

DIHEXAGONAL PYRAMIDAL CLASS (Hou>-hemimorphic) 
Greenockite WurtEite Zincite 

HEXAGONAL BIPYRAMIDAL CLASS (Hemihedral) 
Apatite Mimetite Pyromoxplu’te Vanadinite 
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HEXAGONAL PYRAMIDAL CLASS (His-muiedral-hismimoiiphic) 
Nephelite 


HEXAGONAL TRAPEZOHEDRAL CLASS (Hrmihedral) 

jS Quartz 

DITIUGON.U^ SCALENOHEDRAL CLASS (Hemihedral) 


Alunite 

Corundum 

Selenium 

Antimony 

Graphite 

Sidente 

Arsenic 

Hematite 

Smithsomte 

Bismuth 

Indosmme (?) 

Soda-niter 

Brucite 

Magnesite 

Tellurium 

Calcite 

Millerite 

Tetrad3nnite 

Chabazite 

Rhodochrositc 


WTRKJONAL PYRAMIDAL CLASS (HEMiHEDRAL-HEinMORPHic) 

Ice 

Tourmaline Proustite 

Pyrargynte 

TRIGONAL TRAPEZOHEDRAL CLASS 

(Tetartohedral) 

Quartz 


Cinnabar 

TRIGONAL RHOMBOHEDRAL CLASS 

(Tetartohedral) 

Ankente 

Phenacite 

Willemite 

Dioptase 

Troostite 

Dolomite 

Ilmenite 

TETRAGONAL 


CL Cnstobalite (?) 



DITETRAGONAL BIPYRAMIDAL CLASS (Holohedral) 

Anatase 

Phosgenite 

Rutile 

Apophyllite 

Plattnente 

Vesuvianite 

Braunite 

’ Polianite 

Xenotime 

Cassitente 

Thorite 

Zircon 

Hausmanmte 

Torbemitc 



TETRAGONAL SCALENOHEDRAL CLASS (Hemiheural) 
Chalcopyrite 
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TETRAGONAL BIPYRAMIUAL CLASS (IIi Mini dkai 

MariaJite 

Scapolitc 

Women (e 

Meionite 

Scheelile 

Wulfeiiilc 

Mizzonite 




ORTHORHOMBIC 


Acanthite 

Dumorticrilo 

Saninrskile 

Anthophyllite (?) 

Enstatitc (^) 

Serpentine ('*') 

Boracite below 26 s® 

Gcdntc (?) 

Steatite (?) 

Bronzite (^) 

Hypcrsthcnc (?) 

'Pantalile 

Brookite 

Jamcsomtc 

>(Y Trulyinite 

Chrysotile (?) 

Kaohnile (?) 

'rhomsorute 

Columbitc 

Meerschaum (?) 

Varis< ite 

Domeykite 

Porovskitc (?) 

Vilrotantahle 

Dufrenite 

Pyrophyllitc (?) 



ORTHORHOMBIC BXPYRAMtOAL CM-ASS (ncniin imAi ) 


Andalusite 

Anhydnle 

Anglesitc 

Aragonite 

Arsenopyrite 

Atacamite 

Autunite 

Barite 

Beryllonitc 

Bismuthmite 

Bournonitc 

Brochantite 

Brookite 

Camallite 

CeJestite 

Cerussite 

Chal cocite 

Chrysoberyl 


Cordienle 

Danbuntc 

Diasporc 

Dyskrahite 

Knargitc 

Fay*i]ite 

Forsterile 

Gliiutodot 

Gocthitc 

Libelhcnite 

IJthiophilite 

LolJingftc 

Manganite 

Marcasite 

Nat roll te 

Niter 

Olivenite 

Olivine 


Sillirminite 

Skorodite 

Sniuroliie 

Stephanitc 

St ibn it e 

SlromcytTtte 

Slrontiunitc 

Sulpluir 

Tephroite 

Thcnarditc 

'r<»pu35 

a Truly mite 

Triphylile 

Vaicntinite 

Wavellile 

Witherilc 

Zoisitc 


ORTHORHOMBIC BISPHENOIDAL CLASS (nFniiinonAt) 
Epsomite 


ORTHORHOMBIC PYRAMIDAL CLASS (HeiMiMOKPinc*) 

Bertrandite Prehnite Struvite 

Calamine Stephanite 
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Anthophyllite (?) 

MONOCLINIC 

Burangite 

Meerschaum (?) 

Antigonte 

Enstatite (^) 

Natron 

Bronzite (^) 

Gednte (^) 

Pennmite 

Chlorites 

Gibbsite 

Prochlonte 

Chlontoid 

Herderite 

Pyrophylhte (?) 

Clinochlore 

Hypersthene (^) 

Serpentine (^) 

Clintomte 

Kaolinite (^) 

Steatite (?) 

jf 

MONOCLINIC PRISMATIC CLASS 

(Holohedral) 

Acmite 

Dufrenoysite 

Mirabilite 

Actinolite 

Epidotc 

Monazite 

Adulana 

Erythnte 

Muscovite 

Algirme 

Fassaite 

Orpiment 

Allanite 

Ferbente 

Orthoclase (^) 

Annabergite 

Gadolmite 

Paragonitc 

Anomite 

Gaylussite 

Pearceilc 

Amphibole 

Glauberitc 

Pectohte 

Arfvedsomte 

Glaucophane 

Pharmacolite 

Augite 

Grunente 

Philhpsjte 

Azunte 

Gypsum 

Phlogopite 

Barbiente (^) 

Harmotome 

Picdmontite 

Barytocalcite 

Hedenbergite 

Polybasite 

Biotite 

Heulandite 

Realgar 

Borax 

Hornblende 

Riebcckite 

Brushite 

Huebnente 

Sahhte 

Calavente 

Hyalophcne (?) 

Schefferite 

Celsian (?) 

Jadeite 

Spodumene 

Chondrodite 

Kainite 

Stilbite 

Claudetile 

Kiesente 

Titanite 

Clinochlore 

Laumontite 

Tremolite 

Clinohumite 

Lazulite 

Tnplitc 

Colemanite 

Leadhillite 

Tfona 

Crocidolite 

Lepidolite 

Viviamte 

Crocoite 

Lepidomelane 

Wagnente 

Cryolite 

Malachite 

Wolframite 

Cummmgomte 

Margante 

Wollastonite 

Datohte 

Melantente 

Zmnwaldite 

Diopside 

Meroxene 



MONOCLINIC DOMATIC CLASS (HeanHEDRAL) 


Scolecite 
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IRICUWIC 


Aenigmatite 

Fremontite 

Montchrasi'te 

Amblygonite 

Melaconiic 

'I'urquoibo 


TRICLINIC PINACOTDAL 

CLASS (Hou Jiiij i>RAr ) 

Aenigmatite 

Babingtonite 

Lcibrudonte 

Albite 

Bustamite 

MicrorJinc 

Andesine 

Bytownite 

Oligoi lasc 

Anemousite 

Celsian (?) 

Orthotlase (?) 

Anorthite 

Chalcanthite 

Khcxloiute 

Anorthoclase 

Fowlerite 


Aximte 

Kyamte 
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Acid arsenates, 292 
Acid phosphates, 279, 292 
Acid silicates, metasilicates, 397 
orthosilicates, 343 
Acids, silicic, 300 
Albite twinning, 419 
Alkali amphiboles, 390 
Alkali feldspars, 413 
Alkali micas, 353 
Alkali pyroxenes, 375 
Alteration of minerals, 30 
Alteration pseudomorphs, 31 
Alum group, 246, 251 
Alummates, 195 
Aluminium, tests for, 483 
Aluminosilicic acids, 301 
Analyses, calculation of, 4 
records, of, 6 

Analysis, blowpipe, 12, 4^7 
microchemical, 13 
wet, 4 

Andalusite group, 319 
Anhydrous arsenates, 261 
basic, 274 

Anhydrous carbonates, 212 
basic, 231 

Anhydrous metasilicates, 359 
orthosilicates, 302 
polysilicates, 426 
tnmetasilicates, 408 
Anhydrous phosphates, 261 
basic, 274 

Anhydrous sulphates, 236 
Antimomdes, 68, 77 
metallic, 77, 100 
Antimony, tests for, 483 
Apatite group, 266 
Aragonite group, 223 
Arrow-head twin, 248 
Arsenates, 261 
anhydrous, 261 


Arsenates, anhydrous, basic, 274 
normal, 261 
hydrated, 281 
basic, 274, 286 
normal, 281 
Arsenic group, 49 
Arsenic, tests for, 483 
Arsenides, 68, 77 
metallic, 77, 100 
Arsenolite-claudetite group, 151 
Atmosphenc water, deposits from. 
Atomic weights, 6 

Bante group, 238 
Banum, tests for, 483 
Basic arsenates, 274 
Basic anhydrous arsenates, 274 
Basic anhydrous carbonates, 231 
Basic anhydrous phosphates, 274 
Basic carbonates, 231 
Basic hydrated arsenates, 286 
Basic hydrated phosphates, 286 
Basic metasilicates, 393 
Basic orthosilicates, 319 
Basic phosphates, 274 
Basic silicates, metasilicates, 393 
orthosilicates, 319 
Basic sulphates, 243 
Basic sulpho'salts, 124 
Basic vanadates, 288 
Baveno twinning, 41 1 
Beads, 476 
borax, 476 

microcosmic salt, 477 
Bellows, 468 
Bismuth, tests for, 484 
Blende group, 87 

Blowpipe tests for aluminium, 483 
antimony, 483 
arsenic, 483 
banum, 483 
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Blowpipe tests for bismuth, 4S4. 
boron, 484 
bromine, 484 
cadmium, 484 
calcium, 485 
carbonates, 485 
chlorine, 485 
chromium, 485 
cobalt, 48s 
columbium, 485 
copper, 486 
fluonne, 486 
gold, 486 
iodine, 487 
iron, 487 
lead, 488 
lithium, 488 
magnesium, 488 
manganese, 488 
mercury, 489 
molybdenum, 489 
nickel, 489 
nitric acid, 489 
oxygen, 49® 
phosphonc acid, 490 
potassium, 490 
selenium, 490 
silicon, 490 
silver, 491 
sodium, 491 
strontium, 49X 
sulphur, 49X 
tantalum, 491 
tellunum, 491 
thallium, 492 
tin, 492 
titanium, 492 
tungsten, 492 
uranium, 493 
vanadium, 493 
zmc, 494 
zirconium, 494 
Blowpipes, 468 
Blowpipe analysis, X2, 467 
Blowpipe apparatus, 469 
Blowpipe flame, 470 
oxidizing, 470 
reducing, 470 
Blowpipe reagents, 469 


Bonan/.i, 21 
Borates, cotj, 

Borax beads, 47O 
Boron, tests for, 48; 

Brittle niRas, 4-!<> 

Bromides, 1 54 
Bromine, tests for, 48 1. 

Cadmium, tests for, 4S4 
Calcite grouj), : i \ 

Call ite-aragonite group, 212 
Calcium mu as, 352 
Calcium, tests for, 481; 

Calculation of analyses, 4 
Calculation of formulas, (1, to 
Caliche, Jt>s 
Carbonates, 212 
anhydrous, 212 
normal, 212 
basu, 231 
hyilrous, 234 
Carbonates, tests for, 485 
Carbon group, 37 
Carlsbaii twinning. 410, 410 
(Vraigyrite group, 1 47 
C'haUiHite group, 84 
C'harcmil, use of, 473 
Chemical pseudomorpbs, 32 
C'hemical substances us minerals, 
Chlorides, 134, 142 
Chlorine, tests for, 485 
Chlorite groufi, 42H 
ChondwHitle group, 332 
Chromates, 253 
Chromites, 195 
Chromium, tests for, 485 
Cinnabar gniup, 97 
Classirication of mincmls, 15 
Clay ironstone, 154 
« Closed tube, use of, 471 
Cobalt, tests for, 4H5 
Cockscomb twin, tio 
Colored beads, 476, 477 
Coloiwd flames, 477 
Columbates, 393 
Columbium, test for, 485 
Combined water, ix 
Composition of minerals, 4 
Composition of water of Atlantic Ocean, 33 
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Composition of water of Borax T-ake, 2,^ 
Dead Sea, ;!3 
(ircat Sail Lake, 

(loodenoufjh Lake, 23 
Uike Beisk, 2^ 

Contact minerals, 2 «i 
Copper test, 4S0 
Copper, tests for, .pSo 
(Vumlum Kroup, 152 

Diitolite fjroup, ^14 
Dccompositum, of rocks, 20 
of minerals, 30 

Deposits frcjm atmospherit water, 20 
hot spnnjijs, 22 
lakes, 22 

nuigmatie water, 23 
(Mean, 22 
spnn)ii;s, 21 

Detec tion of alkalies, 470 
Ditwtion of alkaline earths, 470 
Detection of elements by flame colors, 
47H 

Determinative mineraloRy, 4(17 
Diant imonides, 100 
Diarsenides, 100 
Din«|K)re group, i8g ' 

Different iates, 25 
Dike, 28 
Dioxides, 158 
DiselenideH, 100 
Disulphides, 68, 100 
Ditellurides, 100 
Dolomitic limestone, 32Q 
Double carbonates with sulphates, 251 
Double chlorides, 142 
Double chlorides with sulphates, 351 
Double sulphates, 351; 
with carlionatea, 251 
with chlorides, 351 
Double fluorides, 142 
Druse, 21, 28 
Dyskmsite group, 77 

l^klc^ite, 30 X 

Klbow twin, 173, *73, 3x7 
Elements, 36 
Epidote group, 336 
Epsonite group, 246, 249 


Feldspar group, 408 
herritcs, 
names 
blowpipe, 470 
candle, 470 
tolorcd, 477 
oxiduing, 470 
reducing, 470 
Fluorides, 134, 130, 142 
Fluorine, tests for, 486 
formation of minerals, 17 
Formulas, calc ulation of, 6, 10 

(lalena group, 78 
Carnet group, 308 
Genthite, 400 
(Jeotles, 2g 
tilana group, xoo 
Gold group, «;3 
(#old, tests for, 486 
CJossan, 104, 18? 

(Juide to descriptions of minerals, 493 

Honesione, 165 
Hot Himngs, xleiKisits from, 22 
Hydmted arsenates, 28? 
aci<l, sga 
ImsK, 286 
normal, 281 

Ilydratexl carbonates, 234 
Hydrated phosphates, 281 
acid, 2g2 
basic, 286 
normal, a8i 
Hydrated silicates, 441 
Hydratcni sulphates, 346 
Hydroxides, 179 

Impregnations, sg 
Iodides, 134 
Iodine, teats for, 487 
Iron, tests for, 4B7 

Key to mineral descriptions, 497 
with metallic luster, 497 
with nonmetallic luster, 50X 

Lake George diamonds, 164 
Lakes, comporition of water of, 23 
deposits from, so 
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Lead, tests for, 4S8 
Limestone, 216 
dolomitic, 229 

Lists of minerals accordinff to compo- 
sition, 513 

according to crystallization, 

List of reference books, 527 
Lithium, tests for, 488 
Lithium-iron micas, 352 
Lithographic stone, 216 

Magmatic water, 23 

Magnesium - calcium - iron amphiboks, 

3S4 

Magnesium-calcium-iron pyroxenes, 370 
Magnesium-iron micas, 349 
Magnesium tests for, 488 
Manebach twinning, 41 x 
Manganese, tests for, 488 
Manganites, 195 
Marble, 216 
Marcasite group, loq 
Mechanical pseudomorphs, 3 a 
Melantente group, 246, 249 
Mercury, tests for, 489 
Metallic antimonides, 77, coo 
Metallic arsenides, 77i 100 
Metalloids, 37 
Metals, 32 
Metamorphism, 24 
contact, 23 
d>mmic, 26 
Metasilicates, 339 
anhydrous, 339 
nonnal, 339 
basic, 393 
acid, 397 

Metasomatism, 24, 23 
Mica group, 348 
Mica twinning, 344, 427, 430 
Microchemical analysis, 13 
Microcosmic salt beads, 477 
MiUente group, 94 
Mmeral names, 36 
Molybdates, 233, 234 
Molybdenum, tests for, 489 
Monoantimonides, 77 
Monoarsenides, 77 
Monocdinic anpMbdles, 382, 384 


Monoclinii pyr«)\em‘s 367 
Monosolenwics, 77 
Mon<)sulphi(lt‘s» oH, (to, 77 
Monotellurulos, 77 
Monoxulch, 14O 

Nolsonite, 

NcpholiiU' group, ^13 
Nickel, tests for, 480 
Nitrates, 

Nitric utul, tests for, 4811 
Non-metals, 37 

Occurrence, of minertils. *8 
Ocean, composition ol water of, .J3 
deposits from, jii 
Oilxtone, lbs 
Ohvenite group, 277 
Olivine group, 30^ 

Oolitic ore, 134 
Open tube, use of, 472 
Organic sec ret ions, •♦o 
Origin of tnineruls, 1 7 
Orthorhombic amphiholeH, ^8^, 383 
Orthorhombic pyroxenes. 303 
OrthomlicatcH, 302 
anhydrous, 30J 
normal, 302 
basic, 319 
acid, 343 

Ortho sulpho-salts, 1*7 
Oxides, 146 
Oxidized »me, 33 
Oxychloriden, 144 
Oxidbsing flame, 470 
Oxygen, tests for, 4c;o 

ParagcnesiH, 26 
Paramorphs, 31 
Partial pseudomoi^rhs, 31 
Pennine twinning, 420, 430 
PencUne twinning, 420 
Phosphates, 261 
anhydrous, 261 
acid, 279 
basic, 274 
hydrated, aSx 
acid, 392 
basic, 286 
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Phosphoric acid, tests for, 490 
PUcer, 20 

IMatinum-iron group, 6? 
Pneumatolysis, 17, 25 
Pncumatolytic products, 25 
Polysihcates, anh>drous, 426 
Potash-barium feldspars, 416 
Potassium, tests for, 490 
Precipitation, 18, 20 
irom atmospheric water, 20 
from magmas, 25 
from ocean, 22 
from solutions, tS 
from springs, 21 
Primary minerals, 17 
Pseudomorphs, 30 
alteration, 
chemiial, ^2 
mechanical, 32 
fiartial, 

Pseudowollustonite, 3^19 
Pyrargynte group, xi; 

Pyrite group, loi 

Quartseite, x6$ 

Record of analyses, 6 
Reducing flame, 470 
Reduction tests, 482 
Rhombic section, 420 
Rutile group, 168 

Sandstone, 165 
Scapolite group, 423 
Scheehte group, 254 
Screens, 477, 478 
Secondaiy enrichment, 33, 34 
Selenides, 68, 69 
of the metalloids, 6(i 
of the metals, 77, 100 
Serpentine group, 397 
Sesquioxides, ist 
Silica, 158 
Silicates, 300 
anhydrous, 
metasiheates, 359 
orthosilicates, 302 
trimctasilicates, 408 
polysihcates, 4^^ 


Silicates, hydrated, 441 
Silica group, 158 
Silicates, hydrated, 441 
Silicic acids, 300 
Silicon, tests for, 490 
Silver, tests for, 491 
Soapstone, 401 
Soda-hmc feldspars, 417 
Sodalitc group, 339 
Sodium, tests for, 491 
Solid ihcation of magmas, 2$ 
Solubility of minerals, 
m water, 18, 19 
in carbonated water, 20 
Spearhead twin, iro 
Sphalerite group, 87 
Spinel group, 195 
Spinel twinning, 196 
Spnngs, deposits from, 21 
Stalactite, 21, 216 
Stalagmite, 216 
Stibmte group, 72 
Strontium, tests for, 401 
Sulphantimonates, 116, 122 
Sulphantimonites, tib, 117 
Sulpharsenates, 116 , 122 
Sulpharsenites, 116, x 17 
Sulphates, 236 
anhydrous, 236 
basic, 243 
normal, 236 
hydratcKl, 246 
Sulphdiantimonites, x2a 
Sulphdiarsenitcs, 122 
Sulphides, 68 
of metidloids, flg 
of metals, 77> ioc> 
Sulpho-ferntes, 1x6, 129 
Sulpho-salts, 116 
liasic, X24 
ortho, 1x7 
Sulphur group, 47 
Sulphur, tests for, 49t 
Swallow-tail twin, 247 
Sylvamte group, 113 
Synthesis, 15 

Tantalates, 293 
Tantalum, tests for, 491 
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Table of atomic weights, 7 
Tellundes, 68, 69 
of metalloids, 69 
of metals, 77, 100 
Tellunum, tests for, 491 
Tests with cobalt solution, 480 
with HCl, 482 
with HKSO^, 481 
with magnesium nbbon, 482 
with metallic zinc, 482 
with Na^CO , 480 
Tetradymite group, 75 
Tetrahednte group, 126 
Thallium, tests for, 492 
Tin, tests for, 492 
TiUnatcs, 461 
Titanium, tests for, 492 
Titano-silicates, 461 
Trichmc amphiboles, 383, 393 
Tnclinic pyroxenes, 365, 380 
Tnmetasilicates, 408 
Tungstates, 253, 254 
Tungsten, tests for, 492 

Ultramarine, 343 
Uranates, 293 
Uranite group, 288 
Uranium, tests for, 493 

Vanadates, 261 
normal, 261 


Vanadates, basu , j 88 
Vanadium, tests for, 493 
Vadose water, 

Veins, 2i» 24, 27, 28 
Verd-antKpK*, 399 
Visor- twin, r()9 
Vitnol group, -*49 
ViManite group, 281 

Wagnente group, 273 
Water, atmospheru , deposits from, 20 
Water, <arhomited, solul)iIit> of inimraK 
in, 20 

Water, lomhined, 1 1 

Water, lakes and <h ean, eumpoj*ition of, j \ 
Water, magmatu, 2^ 

Water of try'sfalli/ation, u 

Water, solubility of minerals in, 18, i<), jo 

Water, vadose, 21 

Weathering, 32 

Whetstone, 1P5 

Willemile group, 306 

W^dframite group, 25H 

Wollastonite subgroup, 368 

Wurt/ate group, 90 

5 '-cs)lite group, 445 

Zinc, tests for, 494 

Zircon group, 310 

Zirionium, tents for, 404 

Zone of secondary enrivliment, 33 
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Athrojte, 436 

Ac mite, 3f)S, 506, so7 

Ac tinolitc , 3H2, 5ot), 507 

Aduhina, 414 

Aegirme, 36 

Acginne-augite, 

Aemgmatite, 385, jfpj 
Agalmatolite, 406 
Ag«it(*, 164 
Aguiluntc, 78 
Alabandite, 87, <;«, 500 
Alabaster, 248 

Albite, aoi, 408, 40t>, 413) 4i8, 410 

AlgcKlonite, 78 

Allunite, 326, 4y8, 500, 501, 502, 

504, 506 

Allopullurbum, dd 
Ailophane, 404 
Almundite, 3og 
Ahtonite, 231 
Altaitc, 7g, 3‘4, 50X 
Alum, 246, 251 

Alunite, 243» <?07» 508, 512 

Amalgam, 33* Sot 

Amazomte, 4x3 
Amber mica, 350 

Amblygonite, S03» SoO, $07, 509, 
510, 51a 
Amoaite, 428 
Amethyst, 164 
Onentui, 156 
Amphiboloids, 363 
Amphiboles, 363 
Analcite, 446, 45^, 508, 512 
Anatase, 167, ryd, 500, 501, 504, 506 
Andalusite, 319, 390, 506, 507, 508, 512 
Andesme, 4x7 4^8 
Andradite, 3og, 312 
Anemousite, 408, 4x8 
Anglesite, 238, 949, 505, 508, 509, 5x0, 5x2 


Anhydrite, 23,^, <;o4, 506, 508, 'jro, 311 
Ankente, 230, i;o4 ,?o8, ?r2 
Annabcrgitc, 281, rtV?, ^04, so6 
Anomite, w 

Anorthitc, 301, 408, 409, 417, 418 
Anorthoc lase, 413, 418 
Anthracite, 4'; 

Anthophyllite, 382, ^o«;, 507 

Antigontc, 3()8, 428 
Antimony, 49,51, SOO) 501 
Apatite, 26 1, 2dd, S07, 

i;io, 3x1, ^12 

Apophylhte, xq, 44?, '507, 508, 512 
Aquamarine, 361 

Aragonite, 21, 26, ?i, 212, 225, 505, 506, 
508, sot), 510, 512 
Arfvedsonite, 383, 390, 592 
Argcntitc, 31, 7H, 79 ? 497 
Ante, 94 

Arsenic, 49. S^* 497 
Arsenohte, 252, sxx 
Araenopyrite, lox, xx/, 497 
Asbestos, 386, 398 
Atacamite, X44, 504 

Augite, 3^3, 37o, ?74, Soo, $01, S03, 
504) S06, 507 
Autunite, 288, 503 
Aventurme, 164 

Axinite, 545, 506, 507, 509* $10, 512, 
Azunte, 23 x, 255, 504 

Babingtonitc, 365, 5^0, 506 
Baddeleyite, 167 
Baltimonte, 398 
Barbierite, 408, 4x5 
Baricaldte, 223, 231 

Bante, 238,259, 505, 506, 508, 509, siolsxx 
Barium ortboclase, 4x6 
Barytocalcite, 931 
Bauxite, x^d, 502, 503, sxx 
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Beaumontite, 447 

Beryl, J5P, 507, $09, 51 5i2 

Beryllomte, 2<5j, 512 

Biotite, 349, 500, 501, 504, so?, 506 

Bismuth, 49, 50, soo 

Bismuthinite, 72, 7-;, 497 

Blende, 87 

Bloodstone, 164 

Blue beryl, 361 

Bobiente, 281 

Bog iron, 185 

Boracite, 207, 210, 506, 507, 509, 510, 5x2 

Borax, 207, 209, 221, 511 

Bormte, 129, /jo, 497 

Bort, 39 

Bortz, 39 

Boumomte, 117, 120, 497 
Brandisite, 426 
Braunite, 204, 497, 49^ 

Brazilian chrysolite, 436 
Brazilian emerald, 436 
Brazilian pebble, 164 
Brazilian sapphire, 436 
Breithauptite, 94, 95, 499 
Bnttle micas, 426 
Brochantite, 243 2^5, 504 
Brdggente, 298 
Bromargynte, 137 
Bromlite, 23 x 
Bronzite, jdi, 505, 507 
Brookite, 167, j/d, 498, 499, 500, 50X, 
S02, 503 ) 504 ) 506 
Brown clay ironstone, 185 
Brown hematite, 183 
Brucite, 2, 12, i8ij 506, 5x0, 5x1 
Brushite, 292 
Brucklandite, 329 
Bustamite, 365, 380^ 508 
Bytowmte, 417, 418 

Cabrente, 281 
Cacbolong, x8o 
Cairngorm stone, 164 
Calamine, 3pd, 505, 506, 5x0, 512 
Calavente, X14, 497, 499, goo 
Calcite, 4, 19) 30, 3*» 213, 

m* S04, 505, S07, S08, 509, SIC, SIX 
Califomite, 433, 434. 512 
Cancrimte, 315, 507, 508, 510, 512 


Carbonado, 39 

Carnalhtc, /7J, 505, 508, ?of), ?ri 
Carnegioite, ^14. ^oH, //A' 

Carnclun, 164 
(\irnotite, 288, 290 

Cassitente, if>7, /9 .V, 108, 4(39, jjoo, sor, 
?02, 50?, 500, sio 
("atVeye, 3c) s 

CVlestite, 238, j;/, ?o8, 500, ? 10, 512 
C'clsian, 40S, 40<), //O 
Cerargvnle, lu. * 37 » / W* 509, 
5** 

Orussiti*, 221, JJ7, SOD, 

Ceylon lie, /yr 

CMiiuile, 44^‘» soS, 512(3, 512 

Chnluinthite, 240, 5 10 
Clmltedonv, 150, /d/ 

Chalt'oiilc, A';* 197 
ChaUotrhhiti*. 148 
Chalcopvrile, n(), 129, t Uf 497 
Chalk, 216 
C'hathamite, loS 
('hert, lbs, 180 
C'hiu8loliUs 321 
('hik* saltjHder, 20? 

Chloanlhitf, 101, /oV, 497 
Chlorapatite, 

C’hlonwtrolite, 34?, 459 
Chloritis 37, 42H, 40s, soo 
C'hloritoid, 4 Jib, 4.7, 504, S'>7 

Chloromelttiiile, 377 
C'hlorophane, 140 
ChlorophylHte, 439 
Chlorsptnel, xob 

Chondroditts 332. 31?, 50^», soi), Sto 
Chrome diupsIde, 372 
Chrome spinel, xpy 

Chromite, 190, *os» 19b, 49H, soi 

Chrysoberyl, ^02, so^)♦ 507, S013, 512 
Chrysocolla, 441, 502, 504* 50(», gto 
Chrysolite, 

Chrysolite, Brazilian, 43O 
Chrysoprase, 164 

Chrysotlle, 398^ 505, 506, 509, 511 
Cinnabar, 22, 97, p8, 499, 50a 
Citdne, 164 

Claudetlte, 151, /5a, 511 
Clausthahte, 79, 84, 497 
Clay, 40s 
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Clevcitc, 29R 
Clmochloro, 420^ 430 
Clmohumitc, 

Clino^oibite, ^20 
Chntomtc, 50*;, 

CobaltitLs 101, wf), 407 
Colemanitc, 207, 2(hSj 512 
Columbite, 497» 4o8, 400 

Colora(ioite, 07 
Comptomtc, ^57 
Cookeite, ^5? 

Copper, 31, V, 52, ';3» 400 
Copper pyntcb, / ?/ 

Cordicnte, ;j*y, w, <;io, «;i2 
Corumlophyllite, 42Q 
Corundum, 152, 407> 40‘H, sor, 

507, SO«> 500,510,511, 512 
Covelhte, pd, 407 
Cristobahte, r^-rV 
Croeulohtc, 383, 301, 504 

Croioite, 502, 503 
Cryolite, 3, 14^, 508, su 
Cryophyllite, 353 
CuRiatolite, 370 
CummmKtonite, 382, ?.S>, 507 
Cuprite, 2, 32, 49«» 4y9» SOi, 502 

Cuprotunjtstite, 254 
Cymatohte, 370 
Cyprine, 434 

Damourite, 357 

Danburite, 319, 320, 327, 306, 500, 5x2 

Batohte, JUf Sos» S07» S08, Si^o, 512 

Belessite, 432 

Delvauxite, 276 

Demantoul, 3x2 

Diallage, 374 

Diamond, pt 505, 506, 5x2 
Diaspora, i8g, tgo, 306, 507, 509, 5^2 
Dichroite, 43B 

Diopsidc, 36s, 370, J7J, SOS, S07, 508, 
Sio, 5*2 

Dioptase, 34^^ 504 

Dipyr, 424 

Disthenc, 310, 393 

Dog-tooth spar, 214, 215 

Dolomite, ag, 504, 505, 508, 509, 512 

Domeykite, 7^, 407 

Dry-bone ore, 221 


Dufrenitc, 274, 275 ^ 408, 504 
Dufrenoybite, 122 
Dumortientc, S04, 512 
Dyskwsite, 77, yA’, 500 
Dysluite, iqO 

Edenitc, 3R8 
Klectrum, 50 
Kleolitc, 

Kmcrald, 

Kmewld, Hrarilmn, 

Kmerald, Oriental, 156 
Emery, 155, is^) 

Knargite, 116, 122, r^?, 407 
Enbtatite, ^ 6 $, 505, S07, SoR, 512 
Kpidotc, 326, 727 , 505, soo, S07), 508, 
So<), Sio 

Epsomito, 24O, 240, 2^0, sit 
Krythnte, 281, 2B2, 502 
Kssonite, 301), 3 / 1 
Kucryptile, 313 
Eukante, 79 

X*'ahlunite, 439 
Fairy stones, ^8 
False topa^ i(>4 
Famatmitr, 12^ 

Fassaite, 374 
Fayalite, i, 302, ?, 507 

Feldspars, 408 
Ferbente, 501 
Fergusonite, 203, 408 
Fihrohte, ? 2 ?, 32^ 

Fldches iramour, 174 
Flint, 165, iHo 
Flos fern, 225 
FluoropatUe, 

Fluorite, z?u, 504, $0$, $06, 507, SOO, 
510,511,512 
Fool's gold, X04 
Forstente, 303, 507 

Fowlerite, 365, jBot so(>, 508 
Franklmite, xpo, X95, 196, igg, 497, 498, 
400 

Fremontite, 274 
Fuchsite, 357 

GadoUnite, 334, JJSf $00, 505, 506, 507 
Oahnite, X9O 
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Galena, 32, 79, 81^ 407 
Garnet, 308, 312, 501, -jos, S^h $08, w, 
5 io» S12 

Gamiente, 400, 504, 

Gaylussite, 234, 5 SO<)j 5 ^* 

Gcdntc, 382, S07, 51^ 

Gcnthite, 400 
Gcrsdorfiitc, loi 

Gibbsitc, 282j 50O, 508, <509, <;io, «;ii 
Gigantohtc, 439 
Girasol, 180 
Glana, 100 

Glauberite, ajd, 507, Sc«)i 5 *^ 
Glauber salt, 246 
Glaucodol, 101 
Glauconite, 442, 504, 506 
Glaucophanc, 383, ^90, S04, SJO 
Gocthitc, 2, 4, 37, 498, 400 » “J^o* 

SOI, 502, 50^ 

Gold, 19, 52, 53 » S^\ 409 
Gold amalgam, 53 
Golden beryl, 361 
Graphite, 37, 44, 470 , 500 , S®* 

Graphitite, 45 
Greenalite, 44 j 

Greenockitc, 90, gi, 400, SOh 50S 
Greenovitc, 465 
Greensand, 442 
Grossularite, 300, ?/ r 
Grttnente, 382, jtSy, 507, 51 1 
Guano, 26S 
Gypsite, 248 

Gypsum, 18, 19, ax, 22, 28, 32, 24O, 

5«>4, S05, 507, 508, SOO, 

Hahte, 17, 32, S 04 , 5€>S, S08, 

500 , 510, sxx 
Halloysite, 404 
Hancockite,*3a6 
Hanksite, 251, 232, 509, 511 
Harmotomc, 445, ^t^p, 505, 508, 509, 5*3 
Hauerite, 101 
Hausmanmte, 204, 498 
Haiiymte, 339, 340, 341, 510 
Haydenite, 457 
Hedenbcrgite, 365, 3^2 
Hdiotrope, 164 

Hematite, *7, 37, iji, isa, X53, 498, 
499 . so* 


Ibmatitc, liKUMi, i8^ 
lihrous, it^4 
spetul.n, tsi 
ileminiorphUe, 

Jlmviutc, ttft) 

JlertlenltN .7.V 

74S, stH) 

Ihssointc, 300, 

Huiiaiiditf, ./A S05, sa8, sou, ^12 
Ilidrlenit* , ^70 

Hornblrmle* 408, 499, 

W, i;oi, S*Mt Sn*{» so; 

Htirii siKtT, / vV 
Huriistnrie, 165 
Horst* llfsli t>n‘, t )♦* 

Horsfordite, 78 

Ilubmritt, ,*vV, 498. 499, sno, 502, 503, 
S04* SOS, Sto 

HumiU*, 
llussikitCi Jfift 
ilvaumth, u 
ihathtts I So 
H>«ilt>plutne, 4/A 
Ilyaltiskivriti*, 

Hvilroherderile, 

Hydnimugmsite, 2)4 
Hvdro/im itc, 241 

Hy|K*rKtlH*nr, 500, sot, 504, 505* 
?07 

Hyrnesite, 281 
fte, 146 

Icvlnml hpnr, 216 
IddingHtte, 304 

Ilmemte, 2$, 407, 498 

InfuHorml earth, tHo 
Indicollte, 435 
IiKlyritf, 137 
lolite, 438 

Iridium, 52, 63, 66^ got 
Iridosmme, <>7, 500 
Iron, 52, 63, <53, 497 
Iron-pIatlnum, 

Jocobslte, X96 
377 

Jadeltc, 365, 37;, $07, 51a 
Jalpoite, 78 
Jamesonite, 122 , 497 
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Jasper, 161; 

JetTersonite, 

Kaanite, Jfr, ^07, '?o8, tjoo, i;ii 

KiUmite, 2^1 

Kaliophihte, 

Kaohmte, 40 4 ^h 50')» S06, 50ft, 500, 
<510, <;u 
Kaolin, 404 

Katofonte, 38S, ^00, 39 r 
Kiescntc, ^4^, 5 1 1 
korvnite, loi 
kollinKite, 28 1: 

Kraunte, 27 
kreiltonite, 
krennente, 114 
kunzile, 379 

kyanitc, 319, «?to, 512 

Labratlorite, 4J7» 504. ‘>07 

Luke (icorKc <liumon<]s, 104 
Lapis lazuli, 343 

Lasunle, 339, 340, 3/3, «J04, $10 
Laumontite, 44S» 4$^^ So$, 50?, 

.Wt 

La/ulite, 374, J/Sf 5*® 

Lead, S.L 407 
Leadhillitc, 351, 23^, ^05, 509 
Lcpidolite, 3^3, 354, 507, <5*1 
Lepidomelanc% 349, 3^9 
Leptochlorites, 428, 4,p, sob 
Leucite, $is 
Libethenite, 374, 277, 504 

Limestone^ 316 

Limonite, 31, 32, 33, /.Vj, 498, 499* 502» 

50s 

Lintonite, 456 

Lilhiophiiite, 5(5 j, 505, 507, 510 
Lithographic stone, 21 0 
L^llingitc, lor, //3, 497 
Lucinite, 284 

Magnesioferrite, tg6 
Magnesite, 2x3, 504, 505, 509, 512 

Magnetic pyrites, 02^ 497 
Magnetite, 2, 25, 37, 190, 195, 196, 
ipSf 497 
Magnofernte, 

Malachite, 12, 30, 31, 2x2, 231, 332, 504 


Malacohtc, 372 
Manganapatite, 268 
Manganitc, 498, 499 
Manganopcctolite, 370 
Manganotantalitc, jy? 

Marble, 216 

Martasite, loi, /09, 497 
Marganto, 507, S^Oi '>ri 
Manalite, 4J3 
Martite, 

Masonite, 428 
Meerschaum, 397, */or, 5x1 
Meionite, 42 ? 

Melaconite, r /9j 407» Sor 
I Melanite, 309, V2 
Melanterite, 24O, 240, a?/, 506, 5x1 
Mertury, 52, 53 
Meroxene, 349, 3?f> 

Metaemnubarite, 97, 100, 497 
Mexican onyx, 216 
Mu a, 348 
first ortler, 348 
second onler, 348 
amber, 350 

MurcKlme, 408, 409, 4r3, 507, 31® 
Munxlme perthitc, 415 
Milky quartz, 164 
Milleritc, 94» 95» 497 
Minietite, 269, 57/, 505, 5x2 
Mirabilite, 246, six 
Mwpickel, in 
Mizzonite, 423 
Molybdenite, 75, 479, 500 
Monazite, 26 ^ 505, 508, $to 
Montebmsite, 274 
MonticeUite, 30, 302 
Montmorillonite, 404 
Moonstone, 415 

Muscovite, 354, W, $<>9* Sn 

Nail-head spar, 214, 215 
Nakrite, 404 

Natrolite, 44^, 4$4i 5o8» 5x0, 5x2 
Natron, 234, 233 
Naumanmte, 78 
Neotype, 223 
Nephelinc, 313, 314 

‘Nephehte, 313, 314, S0S» So7f S08, 510, 
511 
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Nephntc, 387 
Niccohte, <)4» 497 

Niter, 206, «jn 
Nivemte, 298 
Nosean, 339, 340, 34^ 

Ocher, 185 
Ocher, red, i'54 
yellow, 185 
Octahednte, 167 , 176 
Oligoclase, 417, 41^ 

Olivemte, 274,^77, «;o2, 504 
Ohvme, 302 ^ 303, 50^), 507, 5x0 
Omphacitc, 374 
Onofnte, 97 
Onyx, 165 

Onyx, Mexican, 216 
Oi^> Jf79» So6» S07, 509) 51:0, sxa 
precious, 180 
fire, 180 
common, x8o 
Ophicalcite, 399 
Orangeite, 319 
Oriental amethyst, 156 
emerald, 156 
topaz, 136 
Orpiment, 7/, 503 

Orthochlorite, 428, 42^^ 506, 509, 311 
Qrthoclaae, », 408, 409, 4x0, 41J, 4i<'n 
S08, S09, Sw, sxa 
Osmiridium, <57, 300 
Osmium, 52, 63 
Osteolite, 26S 
Ottrehte, 428 

Palladium, 63, dd, 300 
Pandermite, 209 
Paiagonite, 354, 33^, six 
Parasepiohte, 401 
Parasite, 2x0 
Pargasite, 388 
Patronite, 273 
Pearcdte^ 123, 497 
Pearlspar, 229 

Pcctdite, 364, 36s, 367, 3dp, 312 
Penninite, 4»9 

Pentlaa^te, 87, pa, 497, 498 
Pendot of Ceylon, 37, 436 
Perovskite, ^di, 500, 30X, 304, 308, 309 


r<rlhit<N 4*S 
j8, T*h 
rhaM»litf, 4S7 
Phaim.uolitc, 

rhiumat«»Mtit*nto» /8f>, no.', 50^, 

504 

I'hcnatiti, ^r*7 , M'S, mxj, 

Plulhpsitr, 44s, //, , ^nS, w, 

I‘hU»Kt»pit(‘, 340, Sty'll S<^7, 509, 
*;n 

f*hoHphati‘ r<H k, iifiH 
Phosphorite, 

Picotiti, loO, 197 
!H(folitis 

Pmlmontite, .W 

Ihnite, 4 P) 

Pitt hblemJe, 207, -yo***' 

PlagwKhists 40«), 41 7» S** 

Phuumn, it)4 
Plntin iridium, M 
Plutinum, $00 
Platinum iron, 

!%ttnentc, tt»H, 17s, 498 
Pleonaatp, 190 , 197 
Poliimitt*, 1^7, /d*V, ^74, 497 
indyhiwlte, W4» ^-“^1497 
Polylmhlp, ->46 
Polvlithlnnltp, 3«!3 
Potash oligmlaae 4X7)4Sta 
Praw, 164 
Prehnite, uh 507i 
Friceife, 209 
Prochhiritc, ^.*9 
ProlfHtlte, 33a 

Prouatite, no, 117, //a, 499« 500 
Pwudowollaatomir, 4t»u 
Pailomelane, lAtV, 497, 49H, 301 
PtiloHte, 443, 446 
Pyrargyrite, //y, 4tg), 302 
Fyrile, 19, at, 25, 33, /<#/, 497 
magnetic, pa, 497 
Pyroluaite, 167 ly-*, 407 
Pyromorphite, 2O6, 2r;a, 503, 504, 505, 
506,509, SIX 
Pyrope, 3091 jn 

Pyrophyllite, 403, 40d, so5» S06, 509, 
Sxx 

Pyroxcnet, 363, 364 
Pyrrhotite, 90, pt, 497 
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0 iuirt 7 , T 7 , 2 ^^, 32, SOS, 50 ^), S07, 
50Q, Sio, 51*, 

«, iS^ 

ti, i 8 s 

ros«, 164 
smoky, 164 

RabcnghmmtT, 3 S3 
Kummclsbergitt*, tot 
Kcdlgar, 6ij, SOS 
other, 154 
Khimstone, 164 
Rhodium, 

RhodtKhrositc, 213, 505, 50^1, 507, 

508, sot>, sxj 
Rhodohtf, 31 1 

Rhodonite, 36s, 508, 510 

Ru'betkite, 383^ 390, 

Rock crystal, i<»4 
Rot L gynpum, 24H 
Rock Halt, r,?/, 28* 

Rocppt^riti*, 30 j 
RoHC(H‘hte, 3 S 4 » 

Rone quarts, ](^ 

Rubelhte, 433 
Ruby, xsb 

Ruby Hilver, //;, no 
Ruby »pim*l, 1^7 
Ruthomum, 63 

Rutik, 167, ihH, ///, 4<)8, 4b9i Soo, SOi» 
503, SOS, SOf), Sio 

HafioHle, lox 
Kagcnite, 164 
Sahlite, 365, 37-3 
Saltpeter, aos, 

Samarskitis ao^t 498, 499 

Sanidme, 415 

Sapphire, ijd 

Sapphire, Brasilian, 436 

Sardonyx, 165 

Satinapar, ax6, 225, 348 

Sauaaurite, 4x3, 432 

Stafiolite, 4x3, 507, 508, sio, 3x1, 5*2 

Scheelitc, 35,/, 507, 508, 509, 5x2 

Scheffcrile, 365, 373, 504 

Schoylomite, 309, 3x2 

Schungite, 37, 45, 4^ 


Siolocitc, 446, 45 2 f sta 
Selenite, 248 
Selenium, 47 

Senarmontife, isr, 752, 50s, S07, Six 
Sepiolite, 401 
Senute, 35/ 

Serpentine, 307, 428, 504, '>05, $06, 

So«, 500 

Skleiite, 21, 32, 37, 213, 2/9, 498, 499, 

SOT, so^ S03, 505, SI 2 

Silueous sinter, x8o 

Sillimanitc, 310, 320, j27, 506, 507, 512 

Silver, 31,52, S3»5S’» Soo, 501 

Siher amalgam, 53, dj 

Sinter, siliceous, 1 80 

Skorothle, 281, sos, 506, 510 

Smaltite, xoi, 707, 407 

Sm^iragditc, 3<y<V, 389 

Smithsonite, 2x3, 227, 505, 507, 510, 512 

Smoky quarts, 164 

Soapstone, 402 

Soda, 2x2, 2?/, 51 X 

Soda alum, 251 

Sodalite, 339, 3409 508, 510, 5x2 
Soda mter, 205, $it 
Specular hematite, 154 
Sperryhtc, xoi, 70A’, 497 
Sf)eHsarlitc, 309, 312 

Sphalerite, A7, 498, 490, 500, 501, 502, 
S03, S 04 » SOS, 508, S09 
Sphene, 461, 464 

Spinel, 2, 195, 79d, 498, 500, SOI, 502, 
S03, SOS, sob, S07, S08, 509, Sio, 
SIX 

Spodumene, 3^5, 37^, $07, $08, Si 1, 512 
StasHfurtitc, 210 
Staurolite, ?37, 497, Sos, S06 
Steatite, 397, 40Xy 508, 509, six 
Steinmarkxtc, 404 
Stephanitc, 124^ 479 
Stilmite, 22, 69, 72, 497 
Stjlbite, 44S, 450 ,-S 0 S^ S06, $07, S09, S12 
Stolaite, 254, 236 f $05, 506, 508, SIX 
Stream tin, 170 
Stromeyerite, 84, S6t 497, soo 
Stronti^ite, 213, 223, 225, 505, 506, 509, 
5x2 

Sulphur, 17, 2X, 3X, 32, 47 > $0$, S09 
Sunstonc, 415 
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Sylvanite, 113, iT 4 , 500, sot 
Sylvite, I34» So8» S09» 

Symplesite, 281 

Talc, 40T, 509, SI I 
Tantalite, 2pj, 49 7» 49^ 

Tellurium, 47, 49, 50, 500 
Tennantite, 124, 497 

Tenonte, 2, 149 
Tephroite, 302, ^05, $06, 

Tetradymite, 75, 497, 500 
Tetrahednte, 124, 126, 497, 408, 400 
Thenardite, 237, 508, *5 tr 
Thomsomte, 446, 45^, S07» “JoH 

SI* 

Thontc, 316, 31P, 498, SOI, t;o2, 503 

Thuhtc, 326, 327 

Thunngite, 432 

Tiemannite, 97 

Tiger’s-eye, 393 

Tm, S2 

Tmstone, 170 

Titamte, 4^4, 50*» S<Hi S05» So7) 

508, 510 

Titanohvine, 302 
Titanomorphite, 465 

Topaz, 319, 320, 322, 507, 508, S09, 
510, sii^Si* 
f^lse, 164 
Oriental, 156 
Topaz^te, 312 
Torbemite, 288, 289, 504 
Touchstone, 165 

Tournialme, 434, 501, 505, 506, 507, 

S08, so9i 5io» 5« 

Travertine, 216 

Tremolite, 382’, 385, 386, $0$^ 311, 

51* 

Tndyimte, 

Tnphylite, 262 j 507, 510 
Tnpllte, 273^498,499 
Tripobte, 180, 505, 509, 512 
Trona, 234, ^35, 509r 5« 

Troostte, 3od, 306, 307, 509 
Turquoise, 279, 504, 507, $10 

XJUmanite, xoi 
■CJrahte, 374, 389 
XTranite, 286, 288 


Uramnito, 295, 297 ^ 407, 498. soo, So*, 

S02, 505 

XJranfH ircitr, 2M8 
Uramwpuutc, 288 
Unio, J 

Uvarovilc, 30*), 31 f, 50/ 

Valcntmito, 151, 511 

Vanatlmite, 299, *7/, 50 503, 308, 

W, 511 

VariHciUs 281, J.V;, 509 
Verd-antique, 3t>t) 

Vesuvianite, 432 ^ so9, 507, 50*), 510 
Violan, 373 
Vitriol, 249 

Viviamte, 504, so9, 510, 511 

Wad, /.Vo, 497, 408, 4i)9, 393 
Wagnerite, 27 h w, 507, 508, 310 
Wavellite, 389, ^.Vy, 504, 505, soTk 509, 
5*0, 512 
Wernerite, 424 
White Iwiryl, 391 
Whitncyite, 78 

Willcmite, j/id, $Qf)f 508, 510, s** 
Withamitc, 329 
Witherite, ^23, Ji/d, 312 
WolfachljILfi, lot 

Wolfwtmite, 254, 497* 49®* 499i 

SOX, 502 

Wollastonite, 364* 3^5, 367, 305, 

508, 509, 5*^ 

Wood tin, 170 

Wulfenlte, 254* 9 S 7 > 593, SoS* So^, 
S09*Sn 

WurUite, 90, 498 
Xanthophyllite, 426 

Xenotime, adj, 502, 503, 505, 507, So8» 
509 

Yellow ocher, 185 
Yttrotaxitalite, apj, 504, 505 

ZeoUtes, 443 
Zeunerite, 288 

Zindte, 250, 499, 500, 502, 503 
Zbnwaldite, 35a, 505, 806, 507, 500^ 
Zircon, 167, 316, 3Jfn 5o6, 309. $iOf 
Zoisite, 3ad^ 506, $07^ 50S, 509, 5x2 

(X) 






